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designed to be different! 
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PANOPTIK is a “‘natural 
vision’’ bifocal because 
PANOPTIK has all these BIG @ 
FEATURES of natural vision... 
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Jumpless passage 

from near point to far vision. 
Proximity of optical centers virtually 
eliminates displacement, makes Panoptik 
and “easy to get used to” bifocal. 


Balanced viewing The greatest 
reading width is at the top 
where it is needed, yet segment is so 
shaped as to retain maximum area 


in the distance field. 


Ease of seeing 
There are no straight lines or sharp corners 
in the natural cone of vision . . . nor in the 
Panoptik segment! Round corners and gently 
lifted top line minimize reflections, are 
pleasing in appearance, always recognizable. 


Full, clear wide-angle vision 
is a benefit of exclusive Orthogon corrected curves... 
in premium quality B&L ophthalmic glass . . . 
and in a full range of needed powers and adds. 


NEW! HELPS YOU INTERPRET THE BIFOCAL STORY 


oe Just off the press, a new visual aid to patients’ understanding of presbyopia, 
wie and the benefits to be derived from your services in prescribing and fitting 
wat modern natural vision bifocals. Use it in refracting room, at fitting table — 
or for patients’ perusal in reception room. Ask your supplier for a copy. 


Standardize on Panoptik. 
... in white, Soft-Lite 
and Ray-Ban. 
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The following articles from TODAY’S HEALTH are 
now available in pamphlet form. 


ALCOHOLISM IS A DISEASE. A discussion by the Chairman 
of the A.M.A. Committee on Alcoholism. by Marvin A. Block, 
M.D., 8 pages, 15 cents. 

I AM THE WIDOW OF AN ALCOHOLIC. Three articles 
combined. by Virginia Conroy, 16 pages, 20 cents. 

HOW EXPERTS MEASURE DRUNKENNESS. A partial 
transcript of an actual courtroom case. by H. A. Heise, 8 pages, 
15 cents. 
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sion of the dangers of mixing alcohol and barbiturates. by Donald 
A. Dukelow, 4 pages, 10 cents. 

TWELVE STEPS FOR ALCOHOLICS. A frank discussion of 
the meaning of an alcoholic behavior. by Richard Lake, 6 pages, 
10 cents. 


These articles are available in one pamphlet for 50c 


ALCOHOLICS ANONYMOUS. Written from the standpoint 
of a member, the basic treatment procedures are described and the 
psychological problems confronting the alcoholic are discussed. 
ALCOHOL AND CIRRHOSIS OF THE LIVER. Relationship 
between alcohol, diet and cirrhosis. Increasing stress on nutri- 
tional differences. by Russell S. Boles. 
HOW TO HELP A PROBLEM DRINKER. Understanding the 
alcoholic’s capabilities, the necessity of help, causes of his con- 
dition. by Edward A. Strecker and Francis T. Chambers, Jr. 
THE TREATMENT OF ALCOHOLISM. Tracing the steps from 
convincing the alcoholic that he is sick through treatment and 
cure. by Lewis Inman Sharp. 
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ALCOHOLISM. Its place among methods of treatment today, 
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Walter L. Voegtlin. 
INSTITUTIONAL FACILITIES FOR THE TREATMENT OF 
ALCOHOLISM. Comparative differences, in drinking, with the 
last century, new establishments and methods of treatment, lack 
of trained personnel. by E. H. L. Corwin. 
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ophthalmic products 
with distinctive advantages... 


e their wide-spectrum bactericidal activity includes 
ALL clinically isolated strains of Pseudomonas aeruginosa, 
a serious invader noted for the rapidity of its destructive powers, 


e their component antibiotics rarely sensitize. 


brand Polymyxin B-Gramicidin-Neomycin 


ANTIBIOTIC OPHTHALMIC SOLUTION 


Available in bottles of 10 cc. with sterile dropper. 


brand Polymyxin B-Bacitracin-Neomycin 


ANTIBIOTIC OINTMENT 


Available in % oz. ophthalmic tubes. 


ad 
brand Polymyxin B-Bacitracin-Neomycin 
with 1% Hydrocortisone 


ANTIBIOTIC OINTMENT 


Available in % oz. ophthalmic tubes. 


K BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 
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IMPROVED | 
BONE SAW | 


for the 
OPHTHALMOLOGIST 


. is an indispensable aid in performing dacryocystorhinostomies 
and the Kronlein operation. This efficient bone saw combines these latest 


refinements developed to best implement the surgeon's skill: 


LIGHT WEIGHT © MANEUVERABLE 
FEATURES of the ® CONVENIENT TO HOLD ¢ ACCURATE 


STRYKER VERSATILE TIME SAVING 
BONE SAW 


© SAFETY—will not cut or injure the nasal mucus mem- 
brane or other adjacent soft tissue. 


Illustrating use of the 
lliff Trephine for dacry- 
ocystorhinostomies. 


Illustrating use of the 
small sectioned blade in 
cutting a bony flap in 
the lateral orbital wall. 


ORTHOPEDIC FRAME COMPANY 
420 ALCOTT AVENUE, KALAMAZOO, MICHIGAN 


PRICE: Ophthalmologist Unit Group 
No. 4 includes 3 blades and 2 tre- 
phines ...... $234.00 


0 Send me the Ophthalmologist Bone Saw on approval. 
O Send me a brochure and reprint by Charles E. Iliff, M. D. 


0 Send me a reprint of the article entitled “Dacryocystor- 
hinostomy with Polyethylene Tubing: A Simplified Tech- 
nique” by Dr. G. Bonaccoloto. 
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Address Digker SURGICAL AND HOSPITAL EQUIPMENT 
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ACHROMYCIN Tetracycline ACHROMYCIN V Tetracycline with Citric Acid Lederle 


a most 
widely used 


useful 
antibiotic 


ACHROMYCIN V: Capsules - Pediatric Drops + Syrup 


ACHROMYCIN: Capsules - Ear Solution 0.5% + Intramuscular + Intravenous - Nasa! Suspension with Hydrocortisone and Phenylphrine 
Ointment 3% - Ointment 3% with Hydrocortisone 2% + Ophthalmic Oil Suspension 1% + Opnthalmic Ointment 1% * Ophthalmic Ointment 
1% with Hydrocortisone 1.5% + Ophthalmic Powder (Sterilized) + Oral Suspension + Pediatric Drops + Soluble Tablets 
SPERSOIDS® Dispersible Powder + Surgical Powder (Sterilized) + Syrup + Tablets + Topical Spray 


*Reg. U. S. Pat. Off. 


LEDERLE LABORATORIES, a Division of AMERICAN CYANAMID COMPANY, Pearl River, New York 
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3 (Zinc Sulfate % and Phenylephrine HCI. with Methylcellulose) 
4 —-VASIZINC—an improved, effec: ANTISEPTIC. 
tive formula for angular conjunetivitis pro; 
_-phylactic after foreign body removal . . . mit 
eye irritations . . . exposure to wind and sun. It 
incorporates methylcellulose for high viscosity ASTRINGENT 
with low surface tension, buffered to an acid pH REFRESHI 
and integrity of the zinc suifate, © 
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ETHICON’ NEEDLE suTURES 


@ hand-finished Micro-Point® needles 
@ unequaled sharpness by hand honing 
8 40% greater strength 

@ increased stability in needle holder 


@ reduced tendency to cut out of tissue 


ETHICON EVE SUTURES with Tru-Tempered reverse cutting needies 


for maximum strength and minimum tendency to cut out of tissue. 
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A FORMULA 
FOR 

UNUSUAL 
EFFECTIVENESS 


ALLERGIC 


OPHTHALMIC SUSPENSION 


INFLAMMATOR 


® Reduces local edema, allays yeep 
irritation a DISEASE 
® Rapidly improves the appear- 

ance of the eye 

® New container minimizes 

hazard of “treatment-induced” 

infection 

# Response to therapy is rapid, 

usually within 24 to 48 hours; 

the patient is generally 

symptom-free in 5 to 7 days. 


The complete Prednefrin 

formula combines prednisolone acetate 
0.12%, phenylephrine HCl 0.12%, 
methylcellulose 0.12%, in a.sterile, 
buffered base —for effective control 

of inflammatory and allergic conditions 
of the eyelids, conjunctiva, cornea, sclera, 
uveal tract, and following thermal or 
chemical burns. 


Dosage: / or 2 drops in the affected 
eye two to four times a day. 


new 

all-plastic 
dropper bottles 
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ih ALLERGAN | , CORPORA ON Los Angeles 17, California 
f 


you and your patient 


can see the improvement 


® Ophthalmic Suspension 
prednisolone, 0.5%, 
plus sulfacetamide sodium, 10% 


Ointment with Neomycin, 0.25% 


in blepharitis, 
conjunctivitis, 
episcleritis, 
keratitis, 
meibomitis 
and other 
external eye 
conditions 


. prednisolone effectively checks 
inflammation and allergy 

. Sulfacetamide sodium, with its wide-spectrum 
antibacterial range, controls infections 
caused by common eye pathogens 

. addition of neomycin sulfate to prednisolone 

and sulfacetamide sodium in METIMyYpD Ointment 

broadens the antibacterial spectrum; the ointment 
also assures sustained therapeutic action during the night 


SCHERING CORPORATION + BLOOMFIELD, NEW JERSEY sev Deleting * 
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leeplessness 


and what to. ado about it 


SO YOU CAN'T SLEEP? 
by P. H. Fluck 
8 pages, |5 cents 


SLEEPLESSNESS AND WHAT TO DO 
ABOUT IT by Donald A. Laird, Ph.D. 
8 pages, |5 cents 


ROADS TO RELAXATION 
by Joseph L. Fetterman, M.D. 
4 pages, 10 cents 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St., Chicago 10, Illinois 


Murocoll Zinc 
and Epinephrine 
Zine Sulfate 0.10% 


Epinephrine 1:3000 
(as Bitartrate 0.06% ) 


DESCRIPTION—A sterile, stable, nonirritating, 
antiseptic solution with a vaso- 
constricting affect. 

INDICATIONS—Various eye conditions including: 
Acute or chronic nonspecific con- 
junctivitis, including catarrhal 
and “smog” conjunctivitis; Angu- 
lar conjunctivitis of Morax-Axen- 
feld; Koch-Weeks conjunctivitis: 
Allergic and vernal conjunctivitis. 

Available—15 ce. and 30 ce. 

MURO OPHTHALMOLOGIC FORMULARY— 

available to physicians on request. All sterile col- 

lyria prepared according to the formulary of the 

Massachusetts General Hospital and the Massa- 

chusetts Eye and Ear Infirmary. 

Murocoll—preparations are available through re- 

tail pharmacists. 

Please specify—MU ROCOLL—on prescriptions. 


MURO PHARMACAL LABORATORIES, INC. 
25 Huntington Avenue, (Copley Square) 
Boston 16, Massachusetts 
COpley 7-6311 


MEDICAL CARE 


: "MEDICAL EDUCATION AND 


HOSPITALS 
Economics” 


535 NORTH DEARBORN STREET 


CHICAGO 10. ILLINOIS 
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Isopto” Canpine 2% 


20 


Non-Meth} 


DEGREE OF MIOSIS 


yicellulose 
2% Pilacarpine 


30 


One 
Minutes Hour 


Two 


Hours Hours 


Prolonged control 
in glaucoma therapy 


CARPINE.1 


Demonstrating 
the 

advantages 
ofa 
methylcellulose 
menstruum 


rhinologic 

and sterile 
ophthaimic 
specialties 


Alcom 


ALCON LABORATORIES. 


Laboratory research* demonstrates that 
ISOPTOW CARPINE effects a greater degree 
and significantly more prolonged duration of 
miosis than a non-Methyicellulose solution. 
*Animal experimentation 


ISOPTO CARPINE 


. 

Sterile Ophthalmic Solution at 

PILOCARPINE HYDROCHLORIDE 3% 
WITH 0.5" METHYLCELLULOSE. 


Inc. 


FORT WORTH, TEXAS 


Alcon products are readily available to 
pharmacies from their Service Wholesale 
Drug Suppliers in the U.S. and Canada 
Export Dept.: 120 S. LaSalle St., Chicago 


ISOPTO ESERINE 
Sterile Ophthalmic Solution . 

ESERINE SALICYLATE WITH 

0.5% METHYLCELLULOSE. 
sterile - well stabilized - minimal irritation 
+ uniform - pH and tonicity adjusted 


SUPPLIED: ISOPTO™ CARPINE 


Drop-Tainer 


ISOPTO™ ESERINE 

15cc Drop-Tainer™ 
ISOPTO) DESIGNATES ALCON STERILE OPHTHALMIC 
PREPARATIONS CONTAINING METHYLCELLULOSE 
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when parents worry about glasses 
on their youngsters, think of 


ARMORLITES 
the SAFEST lenses made 


RMORLITE LENS inc. 
the developers of hard plastic lenses 
117 EAST COLORADO ST + PASADENA, CALIFORNIA 


New Near Chart 
GUIBOR Symbol Near Chart now available 
a 
2 oe a in durable and soilproof plastic. Gives dis- 
NEARPOINT “E” CHART tance equivalents, as well as quantitative 
BY 
e measurements for near vision. I Symbol 


understood by all. 
Place your order now. 


os $3.25 


TO BE HELD FOURTEEN INCHES FROM THE EYE 


01.5% 
96.7% 
100.0% 


OPHTHALMIC 
OPTICIANS 


WHOLESALE B SERVICE 


Branch Office: 


INC. \oP 1139 Central Ave., Wilmette, Ill. 


DISPENSING SERVICE 


Main Office: 
ttt N. Wabash Ave., at Wash. 
Chicago, Illinois 
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a scientific corner 


FOR INFORMAL DISCUSSION OF YOUR OPTICAL PROBLEMS 


che House of Vision ™ 


CHICAGO 


EVANSTON HIGHLAND PARK OAK PARK AURORA MUSKEGON 
DES MOINES MASON CITY SIOUX CITY AMES DAVENPORT NEWTON 
MILWAUKEE MINNEAPOLIS 


SMALLER SEGMENTS FOR EVERYDAY USE 


Years ago large segments were developed for occupational use and to 
enable the optician to give added decentration to the segment to offset the 
base-out prism inherent at the reading portion of a convex lens. The trend 
today is to increase the size of all bifocals. The application of large segments 
for patients who use their bifocals for general wear is a poor procedure with 
regard to cosmetic appearance and optical performance. 


An unnecessarily large segment interferes with the patient’s distance 
vision; the patient is more aware of the bifocal at all times because of its 
size, the thickness of the ledge (if it is a flat-top), and because it eliminates 


the lower outside edge of his distance field. In all respects this bifocal is 
more noticeable to wearer and viewer. 


From a purely optical viewpoint, the large fused segment has two other 
disadvantages. The larger size gives rise to increased chromatic aberration 
with a consequent reduction in the depth of field. Further, the thickness of 
such a segment adds lens thickness—particularly on minus lenses with an 
appreciably strong add. 


A properly designed and fitted fused bifocal of 19 to 20 mm. in diameter 
gives a more than adequate field of near vision for normal use. For better 
appearance, patient comfort and a superior optical job—use small, properly 


placed segments wherever and whenever possible. 


“Uf it’s a lens problem, let’s look at it together” 


THE HOUSE OF VISION—MAKERS OF PRESCRIPTION GLASSES FOR THE 
MEDICAL PROFESSION—WILL BE HAPPY TO FILL YOUR PRESCRIPTIONS. 
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Here is the common-sense answer to the 
psychological problems of the early presbyope .. . 


THE YOUNGER BIFOCAL 


Nf ys Every refractionist is faced from time to time with 
fg 

a the early presbyope who views multifocal lenses 

as a sign of encroaching age. While not a 

ff physical problem, it is nevertheless an important 

v psychological one, not at all limited to those 

who by virtue of profession (such as theatrical 

people), must not show their dependence 
upon presbyopic aids. 


After years of clinical research, laboratory 
experimentation and testing, a fool-proof form of 
invisible-segment lens has been perfected—the 

Younger Seamless Bifocal. 


The Younger Seamless Bifocal is a one-piece 
achromatic lens with the reading curve on the 
anterior surface. The usual dividing-line formed 
by the segment edge is obliterated by a precisely- 
calculated transition curve between the 

distance and reading curves. While this transition 
area, which varies in width with the reading 
power, has no therapeutic value, neither does it 
create a disturbing factor in the patient’s vision. 


Most important from the refracting standpoint is 

the fact that a clear, sizable, prescription- 

perfect reading area is provided, with a readily- 

neutralized, undistorted distance area .. . and 

there is no apparent sign of the usual dividing- 
line between the two powers! 


Younger Seamless Bifocals are available in Adds 
from +0.75D to +3.00D, in White, Tint #1 

and Green #3, through your optician or 

supply house. Technical information and a demon- 
stration lens will be sent you upon request 
direct to any authorized Younger supply house. 


O U N G K MANUFACTURING & 
COMPANY 


1829 South Main Street « Los Angeles I 15, Calif. 


*Mfg. Proc. Pat. Pending 
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. The solubility of prednisolone ace- 

= tate in water is 0.01 mg cc. Sus- 
pended particles as shown are irti- 
tating to eye : 


—no 


*The solubility of HYDELTRASOL— 
prednisolone 21- phate as the 
monosodium salt—is 675 mg ‘cc. or 
over 2000 times more soluble than 
prednisolone or hydrocortisone 


STERILE OPHTHALMIC SOLUTION 


(prednisolone 21-phosphate with neomycin sulfate) 


2000 times more soluble than prednisolone 


e free of any particulate matter capable of or 


injuring ocular tissues. hydrocortisone 


e uniformly higher effective levels of pred- 
nisolone. 


SUPPLIED: Sterde Ophthalmic Solution NEO-HYDELTRASOL 0.5% (with neomycin sulfate) mG 
and Sterile Ophthalmic Solution HYDELTRASOL 0.5%. In 5 cc. and 2.5 cc. dropper vials. Also 


available as Ophthalmic Ointment NEO-HYDELTRASOL 0.25% (with neomycin sulfate) and 
Ophthalmic Ointment HYDELTRASOL 0.25%. In 3.5 Gm. tubes. M E RCK S HARP & D 0 H M E 
HYDELTRASOL and NEQ-HYDELTRASOL are trade-marks of Merck & Co., Inc. Division of MERCK & CO., Inc , Philadelphia 1, Pa. 
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OPHTHOCORT 


OPHTHALMIC OINTMENT 


PRO 


broad antibacterial range 
unexcelled therapeutic efficacy 
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NOW...DISTINCT FUNDUSCOPIC OBSERVATIONS 
CYCLOMYDRIL"”...FOR MYDRIASIS 
FAST... PROFOUND .. WI THOUT CYCLOPLEGIA 


tive—through the use of Nei cyciomyprit.”™ Even in the most iris, 
dramatic pupillary dilation begins upon instillation. This profound mydriasis is resistant | 
to bright light but readily reversible in an hour or less with a miotic. 


‘Mean in Sine brown or hazel €yes. 3.15 mm, 
dark brown (Negro) eyes 
30 Minutes after Instillation! 
2: blue, gray oF green 4.38 mm. 
¢ combined action of phenylephrine—an adrenergic mydriatic of choice? and Cyclogy|® © 
_ —a potent anticholinergic mydriatic (in a concentration without cycloplegic effects) pro- — 
duces a pupillary dilation greater than that obtained by cither drug alone. Cyclomydril | 
is well tolerated-—no significant change in ocular tension or other serious side effects. — 


Indications and Dosage: In funduscopy— one drop in each eye. 
__ In treatment of iritis, iridocyclitis, keratitis, choroiditis, posterior synechiae, ocular trauma — 
_ and after removal of cataracts or other ocular surgery— one drop every 6-8 hours. 

_ May be used for refraction in certain patients who have little or no accommodation. 

_ (Cyclogyl® is required when both cycloplegia and mydriasis are indicated. ) 


Composition: Cyclogy!® (cyclopentolate hydrochloride) 0.2%, phenylephrine hydrochlo- 
ride 1.0% with PVP (polyvinylpyrrolidone) in a sterile, buffered ophthalmic solution. | 
Available in 2 ml, and 7.5 ml. dropper bottles. : 


Samples and literature available on request. 


1, Priestly, B. S.; Medine, M. M., and Phillips, C. C. T» be published. 2. Ahiquist, R. P. in Drill, Via 
_ Pharmacology in Medicine, McGraw-Hill Book Company, Inc. New York, 1954, p, 18-26 
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A.M.A. 


R. N. BERKE, M.D., Hackensack, N. J. 


Most ophthalmologists believe that resec- 
tion of the levator gives the best cosmetic 
and functional results in blepharoptosis. 
Since some surgeons prefer the external 
and others the internal approach, a number 
of operations were done through the skin 
and the results were compared with a pre- 
viously published report*® on resection of 
the levator done through the conjunctiva. 
This should be a fair and valid estimate of 
the relative merits of the two procedures 
because the patients were consecutive in 
each series and because the surgery was 
done at the same institution by essentially 
the same resident and attending surgeons. 

Since Eversbusch’s ! original description, 
in 1883, for tucking the levator, Meller,” 
de Lapersonne,* Johnson,4 Leahey,® and 
others ®!! have described similar procedures 
for shortening the levator through the ex- 
ternal route. 


Material 


The material for this study comprised 147 
operations for the levator 
through a skin incision on 129 patients with 
congenital ptosis, 10 of whom had blepharo- 
phimosis; 15, hypertropia, and 1, the jaw- 
winking phenomenon of Marcus-Gunn. Of 
the total number, 111 were unilateral and 
36 were bilateral 108 were 


~ Submitted for publication June 16, 1958. 
Read before the meeting of 


resection of 


operations ; 


the American 


Ophthalmological Society, White Sulphur Springs, 
W. Va., May 28-30, 1958. 
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Results of Resection of the Levator Muscle 
A Skin Incision in Congenital Ptosis 
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primary procedures and 39 secondary. At 
the time of operation the youngest patient 
was 14 months and the oldest 32 years; 
the average age was 6 years 3 months. The 
shortest follow-up was three months (three- 
cases) ; the longest, five and one-half years, 
and the average, one and one-half years. 
To simplify the analysis, patients having 
postnatal acquired ptosis were excluded. 


Preoperative Examination 

All patients were examined before and 
after operation by me to keep the records 
as uniform as possible and to facilitate the 
analysis of the data. In order to learn what 
type of congenital ptosis gave the best re- 
sults and which the poorest, no attempt was 
made to exclude the unfavorable cases. 

Special attention was paid to the amount 
of ptosis, the extraocular muscle balance, 
and the amount of levator action present. 
The amount of ptosis was estimated by 
noting the relative position of each upper 
lid with the 
primary position. Thus, if the right upper 
lid covered the right cornea 3 mm. and the 
left upper lid covered the left cornea 5 mm., 
2 mm. of left ptosis was deemed to be 


respect to each cornea in 


present in the primary position. By this 
method the ptosis could be quickly and 
easily without disturbing — the 
normal position of the lids—a complication 
which often occurred when the ptosis was 
measured by means of a ruler. 


measured 
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Fig. 1.—Measuring the amount of levator action. 
Note that the left upper lid moves up 6 mm. from 
a position of downward gaze to the primary 
position and 1 mm. more from the primary position 
to eyes up, making a total of 7 mm. of levator 
action. Figure 35 shows result of operation. 


Fig. 2.— Sagittal section 
through upper lid and levator 
muscle. 7, Orbicularis muscle; 
2, periosteum of frontal bone; 
orbitale; 4, 
fat; 5, levator aponeurosis; 6, 
Mueller’s muscle; 7, conjunc- 


tiva; &, tarsus; 9, sheath and 


3, septum orbital 


check ligament of levator; 10, 
skeletal muscle fibers of levator ; 
11, Tenon’s capsule between 
levator and superior rectus; /2, 
superior rectus muscle. 
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The amount of levator action was meas- 
ured by holding a millimeter ruler close to 
the lids and noting the amount of elevation 
of the upper lid from a position of down- 
ward gaze to one of looking straight up 
while the frontalis muscle was immobilized 
(Fig. 1). When the amount of levator 
action thus measured amounted to 10 mm. 
or more, the levator function was considered 
to be excellent; when 6 to 9 mm., good; 
when 4 to 5 mm., fair, and when less than 
4 mm., poor. 

Measuring the ptosis and the amount of 
levator action in this way was of great 
practical value (as will be brought out later) 
because it indicated where the ptotic lid 
should be placed with respect to the cornea 
at the time of operation. 

The extraocular muscle balance was ex- 
amined because a weak homolateral superior 
rectus muscle predisposed to postoperative 
exposure keratitis. 


Anatomy 


Resection of the levator muscle is not an 
easy operation, mainly because the structures 
of the lid are thin and delicate. For ex- 
ample, Figure 2, copied from a cadaver 
specimen, shows that the thickness of the 
upper lid above the tarsus in this specimen 
is about 3 mm., into which are crowded six 
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LEVATOR RESECTION 


Fig. 3—Phantom view of anatomy of 
upper lid to show position of ptosis clamp 
before cutting the levator free of the 
upper edge of the tarsus. Note position of 
the reflected tendon of the superior 
oblique muscle and the medial third of 
Whitnall’s check ligament of the levator. 


layers of tissue, namely, the skin, orbicu- 
laris, septum orbitale, levator aponeurosis, 
Mueller’s muscle, and conjunctiva. Since 
the aponeurosis and Mueller’s muscle are 
about 1 mm. or less in thickness, the dissec- 
tion of these structures requires much care. 
Because Mueller’s muscle usually adheres 
to the conjunctiva (especially in the presence 
of follicular hypertrophy), it tends to be 
reflected with the conjunctiva, thus render- 
ing the levator too thin to support the lid. 

When the upper lid is “full” and the 
septum orbitale joins the aponeurosis at 4 
in Figure 2, it is easy to free the septum 
from the aponeurosis and expose the orbital 
fat. But when the upper lid is “thin” and 
the septum fuses with the aponeurosis at B, 


the levator may be perforated between A 


and B or the plane of dissection extended 
anterior to the septum toward the superior 


orbital margin. Both complications can be 
avoided by exposing the orbital fat on top 
of the levator before proceeding with the 
dissection. 

The distance between 4 and C in Figure 
2 represents the approximate amount of 
levator tissue to be excised in congenital 
ptosis with poor levator action. 

Figure 3 demonstrates the position of the 
ptosis clamp on the aponeurosis above the 
tarsus and illustrates the proximity of 
the levator to the reflected tendon of the su- 
perior oblique muscle. Note how the medial 
and lateral horns and the check ligament are 
pulled forward by the clamp in Tigure 4 
after the levator has been severed from the 
tarsus. The dotted lines indicate where the 
lateral horn, medial horn, and check liga- 
ment are incised in freeing the levator from 


While 


its attachments to the orbital walls. 


Fig. 4. 
strictive action of the lateral horn, the medial 
horn, and the check ligament of the levator 
to pulling the levator forward. The levator 
is freed by incising these structures along 


Drawing to demonstrate the re 


the dotted lines. 
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the check ligament is being freed, care must 
be taken to avoid accidental tenotomy of the 
reflected tendon of the superior oblique, 
which lies directly beneath (Fig. 5) 


Steps of Operation 

The technique employed for resection of 
the levator is essentially the same as that 
described by Johnson* and Leahey® and 
proceeds as follows: 

1. A horn spatula is inserted in the upper 
fornix under the upper lid and a curved 
incision made through the skin and orbicu- 
laris the length of the lid 5 to 3 mm. from 
the lashes, after which the skin and orbicu- 
laris muscle are reflected from the tarsus 
almost to the lashes (Fig. 6). 


Fig. 6.—After a spatula is placed under the upper 
lid, the skin and orbicularis muscle are incised the 
length of the lid and freed from the tarsus toward 


Figure 6 


A. ARCHIVES OF OPHTHALMOLOGY 


Fig. 5.—Drawing to demonstrate the re- 
lationship between the levator, Tenon’s cap- 
sule, the superior rectus muscle, andthe 
reflected tendon of the superior oblique 
muscle. Tenon’s capsule has been opened and 
part of the upper lid excised to expose these 
structures 


2. An Erhardt clamp is applied to the 
tarsus and the lid pulled down, after which 
the septum orbitale is opened by blunt scis- 
sor dissection (insert, lig. 6) and cut free 
from the upper edge of the tarsus (Fig. 7). 

3. Two stab incisions are made through 
the levator and the conjunctiva close to the 
tarsus about 20 to 25 mm, apart; a ptosis 
clamp is applied (Fig. 8), and both are cut 
free from the tarsus (Fig. 9). 


4. The ptosis clamp is pulled upward and 
the conjunctiva carefully freed from Muel- 
ler’s muscle by blunt scissor dissection, after 
which the conjunctiva is cut free from the 
ptosis clamp along the dotted line in Figure 
10. 


the lashes. The septum orbitale is then incised 
(insert) in the lateral third of the lid. 

Fig. 7—An Erhardt clamp is applied and the 
lid pulled down while the septum orbitale is incised 
close to the skin to free it from the tarsus. 

Figure 7 
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Fig. 8—The upper skin flap is retracted upward; 
the levator and conjunctiva are button-holed about 
25 mm. apart, and a ptosis clamp is applied. 

The levator is freed by blunt scissor 
dissection from Tenon’s capsule for a short 
distance above the upper fornix (Fig. 11) 
and the conjunctiva sutured to the upper 
edge of the tarsus (lig, 12). 

6. A horn spatula is now placed under 
the levator (insert, Fig. 13), after which 
the lateral horn and the check ligament are 
severed (Tig. 13). 

7. While the upper lid is supported at the 
proper height on the cornea, the levator 
is pulled downward over the lid and three 
double-armed 0000 plain absorbable surgical 
(gut) sutures are passed through each third 


Fig. 10.—The levator is pulled upward, and the 
conjunctiva is freed from Mueller’s muscle, after 
which the conjunctiva is cut free from the ptosis 
clamp along the dotted line. 


Berke 


Fig. 9.—The 
free from the upper edge of the tarsus. 


levator and conjunctiva are cut 


of the muscle at the point where the levator 
crosses the upper lid margin (Tig. 14). 

8. After the sutures are tied (Fig. 15), 
the levator is excised (insert, Fig. 15) and 
the sutures are passed through the super- 
ficial layers of the tarsus close to the lashes 
(Fig. 16) and tied. 

9, After the lid has been elevated the 
proper amount, a second set of three 0000 
plain gut double-armed sutures is passed 
through the upper edge of the tarsus and 
tied over the transplanted levator to afford 
a second anchorage of the muscle (Tig. 17). 
Then one needle of each suture is passed 


Fig. 11.—The 
formx and from Tenon’s capsule for 5 to 10 mm 


levator is freed from the upper 
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Figure 12 


Fig. 12.—The conjunctiva is sutured back to the 
upper edge of the tarsus by 00000 plain gut surgical 
sutures. 


Fig. 13.—A horn spatula is placed between the 
levator and Tenon’s capsule while the lateral horn 


through the adjacent upper and lower skin 
flaps and tied again (Fig. 18) to produce 
an upper lid fold. Additional sutures are 
used to close any gaps between the skin 
edges, if necessary. 

10. Two modified Frost sutures, tied over 
rubber pegs, are passed through the gray 
line of the lower lid and tied in the brow to 
pull the lower lid up to cover and protect 
the cornea (insert, Fig. 18). 


Fig. 14.—The upper lid is elevated manually to 
the proper position on the cornea, and one double- 
armed 0000 plain gut suture is passed through the 
middle third of the levator where it crosses the 
lid when pulled down (upper insert). 
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Figure 13 


is incised temporally and the medial horn and 
check ligament nasally. 


11. An antibiotic ointment is smeared 
over the lids; the lashes are straightened 
out, and a firm roller gauze pressure dress- 
ing is applied for four or five days. 


Complications During Operations 

Because we lacked experience with the 
operation, several complications occurred, 
many of which have been discussed in de- 
tail elsewhere.'? Nevertheless, some of the 


Fig. 15.—Two similar double-armed sutures are 
placed and tied on either side of the central suture, 
and the levator is excised 2 to 3 mm. anterior to 
the tied sutures (insert). 
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Fig. 16—One arm of each suture is passed 
through the superficial layers of each third of the 
tarsus close to the lashes and tied to raise the 
lid to the proper position on the cornea. 


more frequent pitfalls and their prevention 
will be described here. 

The initial skin incision should be ac- 
curately placed to form an upper lid fold 
to match that of the fellow eye. If the inci- 
sion is made too high, the lashes will turn 
downward postoperatively (Fig. 19). If 
the incision is carried too deep, the tarsus 
or the levator may be accidentally severed ; 


Fig. 18—One arm of each suture is brought 
out through the adjacent upper and lower skin 
flaps and tied to close the skin wound and create 
an upper lid fold. Two modified Frost sutures 
are inserted through the lower lid and anchored to 
the brow over rubber pegs. 
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Fig. 17.—Three double-armed 0000 plain gut 
sutures are then passed through each third of the 
upper edge of the tarsus from the conjunctival 
surface (insert) and tied over the transplanted 
levator. 


in this case the levator must be picked up on 
two or three hemostats and placed on a 
ptosis clamp so that the dissection can pro- 
ceed according to plan. If a redundancy 
of skin is present, an appropriate elliptical 
piece of skin should be excised, or the skin 
may prolapse over the lashes postoperatively 


(Fig. 20). One must avoid injury to the 


Fig. 19.—Turned-down lashes on right and fair 
result in presence of 4 to 5 mm. levator action 
Before operation (left) and one and one-half 
vears after (right). Both lids covered corneas 
3 mm. at end of operation and 4 mm. two years 
later. No striated muscle fibers in biopsy specimens. 
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Fig. 20.—Overcorrection and redundant skin of 
right upper lid. Before operation (left) and 14 
months after (right). A previous resection of the 
levator and a Hess operation had been done years 
before. Two millimeters of overcorrection occurred 
because the lid was raised to cover the cornea 2 
mm. (2 mm. too high) at operation in the presence 
of 12 mm. levator action. 


roots of the lashes to prevent their perma- 
nent loss (Fig. 21). 

The levator must not be injured while 
the septum orbitale is being severed from 
the tarsus. This can be avoided by pierc- 
ing the septum with blunt-pointed Steven's 
scissors over the lateral one-third of the lid, 
after which the orbital fat can often be 
made to prolapse through the perforated 
septum by exerting backward pressure on 
the globe. The septum should be cut free 
from the tarsus close to the edge of the 
upper skin flap to avoid injury to the under- 
lying levator tendon. 

While dissecting the conjunctiva one may 
unintentionally free it from the sclera down 
to the limbus, causing the upper fornix to 
prolapse over the upper cornea postop- 
eratively. This complication can be avoided 
by tying a surgical gut suture in the tendon 
of the superior rectus muscle before start- 
ing the operation or by anchoring the upper 
fornix to the superior rectus muscle later. 

While incising the lateral horn, one often 
encounters several small lobules of the ac- 
cessory lacrimal gland, which can be ex- 
cised with impunity. However, excision of 
the main lobe of the gland should be avoided 
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Fig. 21.—Loss of lashes of left upper lid after 
resection of the left levator muscle. Before second 
operation (left) and seven months later (right). 
First operation resulted in undercorrecticn 
cause of insuffic‘ent resection; second operation 
produced good result, except for sagging of lateral 
third of lid. Levator action was 7 mm., and the 
lid was elevated to cover the cornea 2-3 mm. at end 
of operation. No postoperative “lift” or “fall” oc- 
curred. 


Fig. 22.—Overcorrection of ptosis and lagoph- 
thalmos in eyes down due to “band-to-pulley.” 
Lagophthalmos in eyes down (left) and improve- 
ment after operation (right). After the band was 
excised through a skin incision, the lagophthalmos 
and overcorrection were less. 
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by cutting the horn 4 to 5 mm. from the 
lateral orbital wall. 

The check ligament extends across the 
levator from the pulley to the main lobe 
of the lacrimal gland and blends with the 
underlying sheath of the reflected tendon 
of the superior oblique nasally. Because of 
this relationship, one may accidentally sever 
the superior oblique tendon while freeing 
the levator. This complication can be 
avoided by placing a_ spatula between 
Tenon’s capsule and the levator muscle close 
to the pulley while cutting the check liga- 
ment. If the ligament is not completely 
freed, a notch in the nasal one-third of the 
upper lid may develop when the patient 
looks down postoperatively (Fig. 22). 

After the lateral horn and the check 
ligament have been severed, the levator can 
be pulled forward for 10 to 20 mm. unless 
the septum is still attached to it, in which 
case some strands of this membrane can 
always be felt extending from the ptosis 
clamp to the superior orbital margin. These 
must be freed or the septum will be re- 
sected along with the levator, causing the 
lid to be anchored to the superior orbital 
margin and producing lagophthalmos in 
downward gaze. 

Adhesions between the levator and the 
superior rectus muscle are usually easily 
broken by blunt scissor dissection, but if a 
previous resection of the levator has been 
done, they may have to be cut by means of 
scissors. After this, one should be able to 
move the globe freely up and down man- 
ually without transmitting movement to the 
levator. 

If insufficient levator tissue has been ex- 
cised the lid will cover the cornea too much, 
in which case the levator must be tucked 
or additional tissue excised. However, if 
too much levator tissue has been removed, 
the levator will be too short to reach the 
tarsus. This embarrassing error can be 
avoided by having the assistant support the 
lid on the cornea at the desired level while 
the surgeon pulls the levator down over the 
lashes. The point of crossing marks the site 
for placing the sutures, after which the ex- 
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cess levator tissue can be excised without 
fear of cutting the muscle too short. 

If the tarsus becomes markedly everted 
after the first set of sutures is tied, this 
condition will be remedied after the second 
set of sutures has been placed. A small 
amount of ectropion will correct itself when 
the tone of the orbicularis returns. Before 
the pressure dressing is applied, the lashes 
must be turned upward to prevent irritation 
of the cornea and distortion of the lashes 
postoperatively. If the Frost sutures indent 
the skin of the upper lid, a small roll of 
cotton should be placed under them. The 
dressing must give uniform pressure to the 
lids; otherwise, pressure necrosis with loss 
of the lashes or the lid margin may occur. 


Postoperative Complications 


If the pressure dressing has been cor- 
rectly applied, very little edema will be 
present, the cornea will be clear, and the 
lashes will be in good position when the 
dressing and the Frost sutures are removed 
on the fourth or fifth postoperative day. 

If the ptosis has been fully corrected, 
lagophthalmos will be present in sleep, 
especially if the levator action is poor or if 
the superior rectus is weak. In either case, 
the cornea must be protected against drying 
at night. Pulling the lower lid up over the 
cornea during sleep (preferably by strips 
of cellophane tape) affords excellent protec- 
tion for the cornea. During the day the 
cornea is protected against drying by hourly 
instillations of methylcellulose to 
%) eye drops. This simple routine will 
prevent serious exposure keratitis. 

If the upper fornix prolapses over the 
cornea, it will usually recede spontaneously 
in a few weeks if small; if large, it will 
have to be replaced or excised. Occasionally 
an induced weakness of the superior rectus 
will be present soon after the operation, but 
this complication usually disappears in a 
few weeks. 

If the reflected tendon of the superior 
oblique was accidentally severed during the 
operation, overaction of the homolateral in- 
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Fig. 
caused by accidental tenotomy of right superior 
oblique. A, before operation (left) and one and 


23.—Overaction of right inferior oblique 


one-half years after (right). B, eyes right and 
eyes left. Levator action 8 mm. Lid covered cornea 
3 mm. at end of operation. 


ferior oblique may occur (Fig. 23). This 
complication is best treated by a large myec- 
tomy or recession of the overacting inferior 
oblique muscle. 

Occasionally overcorrection of the ptosis 
may be associated with retraction of the lid 
in abduction or downward gaze (Fig. 22). 
In such cases, a band of tissue can be felt 
extending from the nasal third of the lid 
to the pulley of the superior oblique muscle. 
This complication occurs because the check 
ligament has not been completely freed or 
because the sheath of the superior oblique 
tendon has been accidentally incorporated 
in the sutures placed in the levator, 


Results of Resection of Levator 
Through Skin Approach 
In order to learn when the operation was 
indicated and when not, all types and de- 
grees of congenital ptosis were subjected to 
operation. This course of action was justi- 
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fied because some authors ™:! believe that 
resection of the levator will give an ex- 
cellent result, even when little preoperative 
levator action is evident. 

To simplify the analysis, the 147 opera- 
tions were divided into 108 .primary and 39 
secondary procedures. 

Results in 108 Primary O perations.— 
lor the 108 primary operations the average 
amount of ptosis before operation was 4.1 
mm.; the average amount of correction, 3.4 
mm., and the average amount of residual 
ptosis, 0.7 mm. To learn what effect weak- 
ness of the homolateral superior rectus 
muscle had on the final result, the 108 cases 
were divided into 93 patients with normal 
and 15 with weak superior rectus muscles 
and the results of operation compared. This 
appraisal showed that there was little or no 
difference in the amount of ptosis or in the 
amount of correction achieved for the two 
groups. Therefore, weakness of the superior 
rectus muscle was not a bad prognostic 
sign for resection of the levator through the 
skin route. 

Results in Thirty-Nine Secondary O pera- 
tions.—In 39 patients the levator was re- 
sected to correct a residual ptosis, 31 of 
which had had a previous resection of the 
levator; 3, an unsuccessful frontalis opera- 
tion, and 5, some type of Motais-Parinaud 
procedure. 

For the 31 patients subjected to a pre- 
vious resection of the levator, the average 
preoperative ptosis was 3.1 mm.; the aver- 
age correction, 3.1 mm., and the average 
residual ptosis, 0 mm. From this analysis 
it is clear that a second resection of the 
levator is often successful, even though the 
first failed. 

In the three instances where a previous 
frontalis operation had been done, the dis- 
section was only slightly more complicated 
by the formation of scar tissue induced by 
the previous operation. 
previous 


However, when a 
Motais-Parinaud operation had 
been done, the operation was much more 
difficult, owing to the extensive adhesions 
between the levator and the superior rectus 
muscle. Since only three of these eight 
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TABLE 1.—Effect of Superior Rectus Function on 
Amount of Correction for the Internal and 
External Procedures (Primary Operations) 


Type of Function Average Amount of Ptosis, Mm. 


Oper- of Oper- 

ation Superior ations, Before After Improve- 

Rectus No. Operation Operation ment 
Internal Normal 57 3.6 1.2 2.4 
External Normal 93 4.1 0.6 3.5 
Internal Weak 21 44 2.3 21 
External Weak 15 4.1 08 3.3 


secondary procedures resulted in full cor- 
rection of the ptosis, better results may have 
occurred if all eight lids had been suspended 
from the brow. 


TABLE 2.—Amount of Correction After the Internal 
and External Procedures (Secondary Operations) 


Average Amount of Ptosis, Mm. 


Type of - 
Operation Operations, Before After Improve- 
Done No. Operation Operation ment 
Internal 6 4.0 1.7 2.3 
External 31 3.1 0 3.1 


Relative Merits of Internal and 
External Operations 


When the results for the 78 internal and 
the 108 external operations were compared, 
the latter produced over 1 mm. greater 
average correction, whether the superior 
rectus was weak or normal (Table 1). The 
same was also true to a smaller degree for 


TaBLe 3.—Final Results After the Internal and 
External Procedures (Primary Operations) 


the secondary procedures (Table 2). There- 
fore, the anterior approach for resection of 
the levator always gave a greater amount of 
improvement in congenital ptosis than did 
the posterior method. 

The percentage of full correction for the 
internal and the external operations was 
essentially the same, being 39.7% and 
39.8%, respectively (Table 3). Further- 
more, the external produced about 20% 
fewer undercorrections and about 20% 
more overcorrections than the internal pro- 
cedure. From this it would seem that what- 
ever advantage was gained for the external 
method by fewer undercorrections was lost 
by a greater number of overcorrections 
produced, But, since these overcorrections 
could be prevented (as will be shown later) 
and since undercorrection could not be over- 
come by the internal procedure, it would 
seem that the relative merits of the two 
operations weigh heavily on the side of the 
external approach. 


Results in Bilateral Ptosis 

There were 36 bilateral operations, of 
which 32 were primary and 4, secondary 
procedures. When the ptosis was equal or 
almost equal, both sides were operated upon 
at the same time, with the hope that both 
lids would be equally corrected when heal- 
ing was complete if both were elevated to 
the same position on the cornea at the time 
of operation. However, this worthy ob- 
jective was achieved in only nine patients 
(18 eyes). 


Over- Fully Unader- In some cases where the levator action 
Type of Cases, corrected, Corrected, corrected, and the ptosis were essentially the same on 
Operation No. % % % 
both sides it was impossible to elevate both 
lids to the same level at operation because 
the levator muscles were not equally de- 
TABLE 4.—E ffect of Operation on Unilateral and Bilateral Ptosis (Primary Operations) 
Average Amount of Ptosis, Mm. 
Average 9 —————— — — Over- Fully Under- 
Type of Operations, Levator Before After corrected, Corrected, corrected, 
Ptosis No. Action Operation Operation Improvement % % % 
Unilateral 76 5.9 44 0.9 3.5 21.5 37.5 4 
Bilateral 32 4.5 5.1 1.6 3.5 10 35.0 55 
Berke 35/187 
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Fig. 24. — Overcorrec- 
tion of the right ptosis 
and droopiness of the un- 
operated left upper lid 10 
months after operation. 
Before operation (left), 
10 months after (center), 
and final result (right). A 
previous resection of the 
levator had been done 10 
years before. Note that 
the left upper lid is lower 
on the cornea 10 months 
after operation on right 
lid. This was corrected 
later by a tenotomy of 
the right and a resection 
of the left levator muscle, 
with a good final result. 


veloped. In other cases one lid would “fall” 
postoperatively more than the other, and so 
a unilateral ptosis of 2 mm. or more often 
persisted. 

Because the ptosis was greater and the 
levator action less, the average results for 
the bilateral operations were not as good as 
those for the monocular cases, even though 
the amount of correction was the same in 
each (Table 4). 

Some patients with binocular unequal 
ptosis presented a problem when surgical 
correction of the more ptotic lid resulted 
in an apparent overcorrection, even though 
the corrected lid covered the cornea a normal 
amount (2 mm.) in the primary position 
(Vig. 24). In a few of these cases the 
other lid was subsequently elevated also to 
affect a satisfactory result. In such patients 
one should anticipate this result and warn 
the parents of the possible need for correct- 
ing the less ptotic lid later. 


Effect of Levator Action on Amount of 
Ptosis Before and After Operation 
Chart 1 shows that the amount of pre- 
operative ptosis varied inversely with the 
amount of levator action present. For ex- 
ample, when the levator action averaged 2.5 
mm., the preoperative ptosis measured 6.6 
mm., but when the levator action averaged 
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11 mm., the ptosis was only 2.8 mm. Con- 
sequently, the amount of preoperative ptosis 
depended on the amount of levator action 
present. 

The amount of postoperative ptosis was 
also governed by the levator function, be- 
cause when the levator action averaged only 
2.5 mm., the residual ptosis was 2.5 mm., 
but when the levator action was 11 mm., the 
ptosis was overcorrected an average of 0.3 
mm. Therefore, the levator action deter- 
mined the amount of ptosis after operation 
also—the ptosis being more marked when 
the levator was poor and less or absent when 
it was good. 

Since the lines in Chart 1 representing 
the amount of ptosis before and after op- 
eration are roughly parallel, it is obvious 
that the amount of correction achieved by 
operation averaged 3.5 mm., regardless of 
the amount of preoperative levator action 
present. 

Effect of Levator Action on 
Overcorrection and 
Undercorrection 

The amount of levator function played a 
dominant role in determining the number 
of postoperative overcorrections. For ex- 
ample, when the levator action averaged 2.5 
mm., none of the 108 primary operations 
were overcorrected, but when it averaged 
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6r AMOUNT OF PTOSIS 
5} BEFORE OPERATION 
AVERAGE 
AMOUNT 4r 
OF PTOSIS 
IN MM. 
Chart 1.— Effect of AMOUNT OF PTOSIS 
levator action on amount iL % AFTER OPERATION 
of ptosis before and after aia 
operation. ° 
AVERAGE AMOUNT , 
OF OVERCORREC- 
TION IN MM. of 
AVERAGE LEVATOR 2 3 a 5 6 7 8 9 io th 12 
ACTION IN MM. | | | | 
NUMBER OF CASES 28 33 30 17 


11 mm., 53% were overcorrected (Chart 2). 
Hence, overcorrection never occurred when 
the levator action was poor. 

The degree of levator function also af- 
fected the number of undercorrections, be- 
cause when the levator action was 2.5 mm., 
82.1% were undercorrected, compared with 
only 6% when it was 11 mm. (Chart 2). 
Therefore, undercorrection rarely occurred 
when the levator action was good. 


60 


% OF CASES 


50 
40 
30 53% 
QVERCORRECTED 
8 
"OF 


LEVATOR ACTION 2.5mm 45mm 7.2mm ti mm 
NUMBER OF CASES ——> 26 33 30 17 


40 
OF CASES 30} 54. 
FULLY CORRECTED ao} 48% 
fiz 8% 


LEVATOR ACTION ———+ 2.5mm 
NUMBER OF CASES ——~ 28 17 
80; 
60+ 
% OF CASES 50+ 
UNDERCORRECTED 40} 82.1% 
30} 


3.3% 
10F 6% 
F| 


LEVATOR ACTION ———> 2.5mm 4.5mm 72mm timm 
NUMBER OF CASES——+ 28 33 30 17 


_ Chart 2.—Effect of levator action on final result 
in 108 primary operations. 
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Likewise, the number of overcorrections 
and undercorrections for the 
operations depended the 


levator 


39 secondary 

amount of 
the 
function averaged 3 mm., 


levator 
none of the lids 
were overcorrected, but when it was 7.6 
mm., 40% (Chart 3). 
Hence, overcorrection never occurred in the 
presence of 


action, because 


were overcorrected 


levator action, after a 


secondary resection of the levator. 


poor 


Moreover, when the levator action 


was 
poor, 72.7% of the secondary procedures 
were undercorrected, but when it was good, 
only 5% had a residual ptosis (Chart 3). 


Thus, undercorrection was also 


rare after 


a secondary resection of the levator when 
the levator function was good. 

Krom these data it is clear that the amount 
of preoperative levator action was a sig- 
nificant factor in determining the final re- 
sult of operation for both the primary and 
the secondary operation. 


Effect of Levator Action on Amount of 
“Lift” or “Fall” of Lid After Operation 
The final position of the lid after opera- 
tion depended mainly on two factors: the 
amount of levator action present and_ the 
position of the lid at the end of operation. 
Thus, when the 
(2.5 mm.), 
operation, 


levator action 
none of the lids 
but when the 


was poor 
“lifted” after 
levator function 
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% OF CASES 
OVERCORRECTED 


,NONE 


LEVATOR ACTION ————> 3mm 7.6mm 
NUMBER OF CASES ——~_II 20 


% OF CASES 
FULLY CORRECTED 


50 
40 
30 
20 


10 7.3% 


LEVATOR ACTION ———> 3mm 
NUMBER OF CASES 


6 
*f, OF CASES 
UNDERCORRECTED 


10 5% 


LEVATOR ACTION ———> _ 3mm _ 7.6mm 
NUMBER OF CASES——~_!! 20 


_ Chart 3.—Effect of levator action on final result 
in 31 secondary operations. 


was good (11 mm.), 82.5% did so (Chart 
4)—-that is to say, the lids were higher 
with respect to the cornea when healing 
was complete than they were at the end of 
operation. Furthermore, when the levator 
action was poor 93% registered a “fall,” 
compared with only 12% when the levator 
action was good. Thus, the final position of 
the lid depended very much on the amount 
of levator action present. 

These observations were of great practical 
importance because the surgeon had to com- 
pensate for the “lift” or “fall” by under- 
correcting the ptosis when the levator action 
was good and overcorrecting when it was 
poor. 

But how much should the ptotic lid be 
over- or undercorrected? The answer de- 
pended on the amount of levator action 


38/190 


OF CASES 
WITH “LIFT” 


LEVATOR ACTION ———+ 4.5mm 7.2mm 
NUMBER OF CASES _ 28 33 30 17 


LEVATOR ACTION ———~ 25mm timm 
NUMBER OF CASES ——+ 26 17 


% OF CASES 30 
WITH NO “LIFT” OR “FALL” 


100 


OF CASES 


90 
Bor 
70 

* 60 


LEVATOR ACTION ———> 2.5mm 
NUMBER OF CASES——> 26 


Chart 4.— Pig oe of levator action on postopera- 
tive “lift” or “fall” in 108 primary operations. 


present. For example, when the levator ac- 
tion averaged only 2.5 mm., the average 
lid “fell” 2.6 mm., but when the levator 
function was 11 mm., the average lid 
“lifted” 1.3 mm. (Chart 5). Furthermore, 
when the levator action averaged 4.5 mm., 
the amount of “fall” was only 0.5 mm., and 
when it measured 7.2 mm., no “lift” or 
“fall” occurred on the average. 

Since the amount of “lift” increased as 
the amount of levator action increased, it 
would seem that all overcorrections could 
have been prevented by intentionally under- 
correcting the ptosis to compensate for the 
“lift” when the levator action was good. 
Also, since the amount of “fall” increased 
as the amount of levator action decreased, 
it would seem that all undercorrections 
could have been avoided by lifting the lids 
higher on the cornea at operation to com- 
pensate for the “fall” which usually oc- 
curred when the levator action was poor. 
But this is not a valid conclusion, because 
the gross structure of the levator was often 
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AMOUNT 
OF “LIFT" 
IN MM. 


POSITION OF 
LID ON OPERA- 9 
Chart 5.— Effect of TING TABLE 

levator action on amounts =" 3 
of “lift” or “fall” of the 
lid after operation. 

AMOUNT 

or 


AVERAGE LEVATOR 
ACTION IN MM 


NUMBER OF CASES 


too thin to support the lid fully and even 
when the levator was adequate structurally 
to lift the lid the appropriate amount the 
final result often was undercorrection, owing 
to the tendency of such levators to stretch 
with time. Nevertheless, it is certain that 
the number of undercorrections could have 
been reduced by overcorrecting the ptosis 
the proper amount in patients with poor 
levator action. 


Effect of Striated Muscle Fibers 
on Levator Action 

In a previous paper,’ it was shown that 
the amount of preoperative ptosis and the 
amount of correction achieved by operation 
depended on the number of striated muscle 
fibers found in the levator biopsy specimen. 
The present report not only confirms the 
previous observations but also shows that 
the amount of preoperative levator action 
seemed to depend on the number and nature 
of such fibers seen histologically. For ex- 
ample, Chart 6 shows that when the levator 
action averaged 2.5 mm., only 7% of the 
specimens demonstrated striated muscle 
fibers, but when the levator action averaged 
11 mm., 75% did so. (In some cases with 
good levator action a short specimen was 
intentionally excised to avoid overcorrection. 
Had more levator tissue been removed in 


Berke 


these cases, doubtless the percentage of 
striated muscle fibers would have approxi- 
mated 100%). Also, it should be added 
that the number of normal-appearing 
striated muscle fibers was always greater 
when the levator action was good. Hence, 
the amount of levator action depended 
primarily on the number and nature of the 
striated muscle fibers present; since the per- 
centage of good results varied directly with 
the amount of levator action, the number of 
striated muscle fibers must have been the 
basic factor responsible for the amount of 
correction achieved, 


Effect of Gross Structure of Levator 
on Final Result 

The gross appearance of the levator at 
operation varied somewhat with the amount 
of levator action and the number of striated 
muscle fibers present but was not a reliable 
guide as to the final result. For example, 
Chart 6 shows that 28% of the patients with 
poor (2.5 mm.) levator action had what was 
described at operation as “good” levator 
tissue, but, since over 75% of these were 
undercorrected despite the presence of 
“good” levator tissue, it is obvious that one 
cannot judge how much to overcorrect these 
cases on the basis of the gross appearance 
of the levator alone. Hence, even though 
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100 
90Fr 
Bor 
LEVATOR 
TISSUE 
60r ¢ 
Chart 6.— Effect of 
oO 40h STRIATED MUSCLE levator tissue and striated 
FIBERS muscle fibers on amount 
of levator action. 
a. 
4 4 i i i 1 
acTION 2 3 4 6 7 8 9 0 HW 
| 
NUMBER OF CASES 28 33 30 ad 
the levator appeared to be strong enough to Because Mueller’s muscle was always 


correct the ptosis fully, the success of the 
operation was generally short-lived, owing 
to the tendency for such levators to stretch 
with time. 

Since only 5% of these “good” levators 
had striated muscle fibers when the levator 
action was poor and since most of these 
cases were undercorrected, it would seem 
that the success of this operation depended 
on the number of contractile striated muscle 
fibers and the amount of levator action 
present but not on the gross appearance 
of the levator. 

Fig. 25.—Poor result on 


right and good result on 
left lid after bilateral re- 


section of the levator. 
Before bilateral levator 
resection (left), six 


months later (center), and 
after suspension of right 
lid from superior rectus 
(right). Levator action 
was 5 mm. on right and 
4 mm. on left. Right 
levator was too thin to 
support the right upper 
lid at time of second 
resection of levator. 
Therefore, it was sus- 
pended from the superior x 
rectus muscle with a é‘ 
fairly good result. 
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present, the levator usually appeared to be 
of good consistency above the tarsus. How- 
ever, it was usually impossible to appraise 
the gross structure of the striated muscle 
portion of the levator until it had been 
completely freed from its several attach- 


ments. When the exposed levator was 


adequate to correct the ptosis, the lid was 
elevated to its predetermined position on the 
cornea and the operation completed in the 
But when the levator was 
too delicate to support the lid, resection of 
the levator was abandoned and the lid was 


usual manner. 
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supported from the superior rectus (Tig. 
25) or from the brow. In this way a second 
operation for ptosis was avoided. 


Effect of Operation on Amount 
of Levator Action 


Of 49 cases in which a record was kept 
of the amount of levator action present be- 
fore and after operation, 43 had from 1 to 
7 mm. (average 2.2 mm.) more levator ac- 
tion after than before the operation. These 
figures would tend to substantiate the claims 
of de Blaskovics ™ and others that resection 
of the levator does in fact 
amount of levator function. This observa- 
tion may also explain why the average 
amount of ptosis for the secondary opera- 
tions was about 1 


increase the 


mm. less than for the 
primary procedures and why secondary op- 
erations produced a higher percentage of 
full corrections than did the primary pro- 
cedures. 


Effect of Suture Material on Final Result 


Various kinds of surgical gut sutures 
were used with equivocal effects on the final 
result. After using 0000 plain gut, 0000 
chromic gut, and 00000 chromic gut sutures, 
it was decided that the plain gut sutures 
were the best because they lasted four to 
eight days (average, five days) and caused 
less reaction than the chromic gut sutures. 
The 0000 chromic sutures lasted 7 to 15 
days (average, 11 days), and the 00000 
chromic sutures persisted from 6 to 16 days 
(average, 8 days), both of which remained 
longer than necessary. Because the levator 
was sandwiched between the tarsus and the 
orbicularis and anchored there by two sets 
of sutures, it was difficult for the levator to 
pull loose from the lid during the healing 
process, even though some sutures were 
absorbed before the fifth postoperative day. 


Effect of Trial and Error on Final Result 


Since we did not realize at the start the 
importance of overcorrecting the ptosis 
when the levator action was poor and under- 
correcting it when the levator action was 
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good, our early results were very erratic 
and unpredictable. For example, Chart 7 
shows that the percentage of overcorrections 
gradually decreased over a six-year period 
from 30% for the first 20 cases to only 15% 
for the last 20, while the undercorrections 
declined from 40% to only 20% and the 
full corrections improved from 30% to 
65% over the same period. Furthermore, 
the amount of overcorrection and under- 
correction was also much reduced, so that 
if 1 mm. of over- or undercorrection is ac- 
ceptable, a satisfactory result was achieved 
in about 90% of the last 25 patients. This 
high percentage of satisfactory corrections 
was obtained only after we had learned by 
trial and error to overcorrect the ptosis 
when the levator action was poor and to 
undercorrect it when the levator action was 


good. 


Cause and Treatment of Undercorrection 

When occurred the 
presence of good levator action, the com- 
monest cause was insufficient resection, but 
when undercorrection was associated with 


undercorrection 


poor levator function, the commonest cause 
was poor levator tissue. 


contributed — to 


Poor technique 
undereorrections, 
Failure of the sutures and postoperative 


some 


edema were infrequent causes for under- 
correction, 

Since only 5% of the secondary opera- 
tions resulted in  undercorrection the 
presence of good levator action (Chart 3), 
it would seem that a second resection of 
the levator should be done when a residual 
ptosis persists and the levator action is 
good, but since only 27.3% of the second- 
ary Operations resulted in full correction 
when the levator action was poor, a second 
resection in such cases should be abandoned 
in favor of some other type of ptosis opera 
tion. 


Cause and Treatment of Overcorrection 

When overcorrection occurred the cause 
was usually resection of too much levator 
tissue or the formation of a band of tissue 
extending from the lid to the pulley. The 
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oF 3+ 
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4 
2 
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CORRECTION 
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67 


4 


Chart 7.—Effect of ex- 
perience on final result 


9 of 147 operations. 


24 


NO.OF CASES 20 20. 


20 20 20. 


latter was remedied by excising this band 
through a skin incision. 

When 2 mm. or more of overcorrection 
was caused by too much resection, the leva- 
tor was tenotomized through a conjunctival 
incision in eight cases, with improvement in 


Fig. 26—Tenotomy of the levator. The lid is 
everted and the tarsus incised the length of the lid 
1 mm. from its upper edge. The incision is 
deepened into the pretarsal tissues until the edges 
of the wound open up to at least twice the amount 
of overcorrection. The conjunctiva is not sutured. 
An intermarginal suture is left in place for several 
days. 

Fig. 27.—Excellent result. Before 
(left) and seven months after (right). 


Figure 26 


operation 
Levator 


+ 
w 


all. The operation is simple to perform 
and can be done in adults in the office under 
local anesthesia. The lid is everted on an 
Erhardt lid clamp and an incision made 
through the length of the tarsus 1 mm. 
from its upper edge and extended into the 


action 11 mm. Left upper lid raised to cover cornea 
6 mm. at end of operation. Note absence of ptosis 
in eyes up and minimum lagophthalmos in eyes 
down. Striated muscle fibers found in biopsy 
specimen. 


Figure 27 
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Fig. 28.—Excellent result with only 4 mm. of preoperative levator action. Before operation 
(left) one week after (center), and 10 months after (right). Left upper lid raised to limbus 


at operation. Ten months later it covered corne 


ae 


2 mm. in primary position. Note how much 


of the lagophthalmos in eyes down disappeared 10 months after operation. Also note slight 
left ptosis in eyes up. This is characteristic of poor levator action. 


pretarsal tissues until the edges of the wound 
expand to at least twice the amount of over- 
correction present. No sutures are used to 
close the wound (Fig. 26). One inter- 
marginal suture is inserted and left in place 
for three to four days to prevent the cut 
edges of the tarsus from growing together 
again. If necessary, the operation can be 
repeated. 


Prevention of Overcorrection 
and Undercorrection 

Since overcorrection occurred most often 
in the presence of good levator action and 
since such lids nearly always “lifted” after 
operation, overcorrection could have been 
avoided by undercorrecting such cases an 
appropriate amount. Since undercorrection 
occurred most often when the levator ac- 
tion was poor and since most of these lids 
“fell” after 


operation, undercorrection 


could have been prevented by overcorrecting 
such lids the proper amount. Thus, when 
the levator action was good (10 to 12 mm.), 
the ptosis should have been undercorrected 
at least 2 or 3 mm.; when the levator action 
measured 6 to 8 mm., the ptosis should have 
been fully corrected, and when the levator 


Berke 


action was as poor as 2 or 3 mm., the ptosis 
should have been overcorrected 2 to 3 mm. 
However, overcorrection of the ptosis on 
the table in all patients with poor levator 
action is sometimes, as stated above, an im- 


Fig. 29.—Excellent result in bilateral ptosis with 
only 4 mm. levator action of each lid. Before 
operation (left) and five months after (right). 
Each lid covered each cornea 2 mm. at end of opera- 
tion and 4 mm. five months later. No striated 
muscle fibers found in either biopsy specimen. 
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Fig. 30.—Good result from resection of levator 
through skin after a previous resection through 
the conjunctiva 10 years before. Before operation 
(left) and nine months after (right). Levator 
action was 8 mm. Left upper lid covered cornea 
4 mm. at end of operation and 2 to 3 mm. nine 
months later. 


possibility, owing to the poor levator tissue 
present. 


Illustrative Case Reports 
Because pictures tell their story better 
than a volume of description, a number of 
photographs of different types of congenital 
ptosis are presented, with a brief description 
of the most pertinent clinical and operative 
data to illustrate the diverse nature of con- 
Vig. 31.—Excellent result after two previous 
ptosis operations in Argentina. Before operation 
(left) and 13 months after (right). Levator action 
was 6 mm. on one occasion and 4 mm. on another. 
Lid covered cornea 2 mm. at end of operation and 
1.5 mm. when last seen, 16 months later. A few 
striated muscle fibers found in biopsy specimen. 
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genital ptosis and some of the problems con- 
cerning its surgical correction (Fig. 28 to 
43). 


Summary 


In order to determine which method for 
resection of the levator—the internal or the 
external approach—gives the best results, 
a series of 147 operations for congenital 
ptosis, with use of the skin route, are an- 
alyzed and the results compared with a 
similar series done through the conjunctiva. 
Since the cases were consecutive in each 
group and were done by essentially the same 
surgeons, it is believed that this comparison 
of the relative merits of the two procedures 
is a fair and valid one. 


Fig. 32.—Good result after third resection of the 
levator. After second operation (left), two months 
after third operation (center), and six months after 
third operation (right) Note that the right 
hypotropia in eyes up two months after operation 
had disappeared four months later. Levator action 
6 mm. before first operation and 10 mm. before 
third. 


The anatomy of the lid is reviewed, and 
the steps of the operation are described. 
The complications during and after the op- - 
eration are enumerated, and their prevention 
is explained. 

Of 147 external operations done, 108 were 
primary and 39 were secondary procedures. 
The average amount of correction for each 
group was the same, being 3.5 mm., and 
the percentage of full corrections was also 
essentially the same, being 39.8% and 
42%, respectively. Therefore, the prognosis 
for a satisfactory result was just as good 
for the second as for the first operation. 
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LEVATOR RESECTION 


Fig. 33.—Four millimeters 
of overcorrection due to too 
much resection and forma- 
tion of a “band-to-pulley.” 
Before operation (left), 
three months after (center), 
and three years after (right). 
Levator action 6 mm. Left 
upper lid raised to 2 mm. 
above the limbus at operation 
under the theory the lid 
would “fall” 4 mm. later. 
The band to the pulley was 
excised and the levator 
tenotomized to remedy the 
overcorrection. A piece of 
skin should have been ex- 
cised from the lid also. The 
redundant skin of right upper 
lid covers up the overcorrec- 
tion three months after op- 
eration. 


The prognosis for full correction was 
always good for the primary and secondary 
operations when the levator action averaged 
more than 7 mm. and always poor when 
it averaged only 2.5 mm. 

When the homolateral superior rectus 
muscle was weak, the amount of correction 
achieved by operation was essentially the 
same as when the superior rectus was nor- 
mal—the amount of correction being 3.3 


mm. and 3.5 mm., respectively. 


Thus, a 
weak superior rectus muscle was not a bad 
prognostic sign for resection of the levator 
by the skin route. 

The results of resection of the levator 
through the external approach were on the 
average better for the monocular than for 
the binocular cases, mainly because the 
ptosis was greater and the levator action 
less in the latter. 


Fig. 34.—Marked overcorrection from resection of too much levator tissue. Before operation 
(left), two years eight months after (center), and seven months after tenotomy (right). 


A previous Blaskovics ptosis operation had been done three months before. 


measured 10 mm. Left upper lid raised to 2 


Levator action 


mm. above the limbus at operation, where it re- 
mained 33 months later when a buttonhole tenotomy of the levator was done through a skin 
incision. Note keloid formation in left upper lid fold. 
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When the external and the internal op- 
erations were compared, the average amount 
of correction for the former exceeded the 
latter by 1.1 mm. for the primary and 0.8 
mm. for the secondary operations. There- 
fore, since the external always gave a 
greater average amount of correction than 
the internal method, it would appear to be 
the operation of choice for marked con- 
genital ptosis. 

When the percentage of full corrections 
was compared for the two procedures, the 
results were essentially the same, being 
39.7% for the internal and 39.8% for the 
external method. However, the conjunctival 
approach produced 60.2% and the skin route 


Fig. 36. — Overcorrection 
of 1 mm. Before operation 
(left), 21 days after (center), 
and nine months after (right). 
Levator action was 6 
mm. Lid covered cornea 
5 mm. before operation, 1 
mm. at end of operation, and 
the same amount nine months 
later. Note marked improve- 
ment in lagophthalmos nine 
months after operation. 
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Fig. 35.—Before opera- 
tion (left), two weeks 
after (center), and eight 
months after (right). Be- 
fore operation the left 
levator action measured 
7to8&8mm. (Fig. 1). The 
left lid covered the cornea 
5 mm. in the primary 
position before operation, 
3 mm. at the end of op- 
eration, 4 mm. two weeks 
later, and 1 mm. eight 
months later. Thus, the 
left lid elevated 2 mm. 
in eight months from its 
position on the operating 
table to give 2 mm. of 
overcorrection. 


only 40.7% wundercorrections. Therefore, 


the external was the better operation for 
marked ptosis. But since the external pro- 
cedure produced 19.4% overcorrections and 
the internal none, it would seem that the 
latter was better in this respect. However, 
this is not a valid conclusion because many 
of these overcorrections could have been pre- 


vented by undercorrecting the ptosis the 
proper amount at operation. 

Therefore, since the external method 
seemed easier to perform and gave a greater 
amount of correction and since the number 
of undercorrections was less, it would seem 
that resection of the levator through a skin 
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Fig. 37—Undercorrection of 2 mm. associated 
with poor (2 mm.) levator action. Before opera- 
tion (left) and 18 months later (right). Right upper 
lid was raised to limbus at operation, but 18 months 
later it had “fallen” to cover the cornea 4 mm. in 
primary position, even though levator was “good 
and thick” at operation. After operation esotropia 
with overaction of the right inferior oblique de- 
veloped. Myectomy of right inferior oblique cor- 
rected the right hypertropia. 


incision is the better operation for congenital 
ptosis. 

The importance of accurately measuring 
the amount of levator action and of noting 
the position of the normal lid with respect 
to the cornea before operation is stressed 


Fig. 38.—Poor result with poor levator action (3 mm. O. U.). 


because these two factors played a dominant 
role in determining the final result. For 
example, overcorrection and undercorrection 
could be prevented or reduced by under- 
correcting the ptosis at operation when the 
levator action was good and overcorrecting 
it when the levator action was poor. By 
this formula the number of overcorrections 
and undercorrections was much reduced and 
the number of full corrections increased. 
Since only 5% of the secondary operations 
were undercorrected when the levator action 
was good, a second resection of the levator 
would appear to be the operation of choice 
in these patients, but since only 27.3% were 
fully corrected after a second resection when 
the levator action was poor, one should be 
prepared to use one of the other types of 
operations if the levator muscle is too frail 
to support the lid fully. 

Overcorrection of 2 to 3 mm. was rem- 
edied by a simple tenotomy of the levator 
through the conjunctival surface in eight 
cases, With improvement in all. 

The amount of preoperative levator action 
was a better guide to the final result than 
the gross appearance of the levator muscle 


Before operation (left), 


three months after (center), and one and one-half years after (right). Each upper lid could be 
raised to cover each cornea only 2 to 3 mm. at end of operation because each levator was “paper 


thin.” 


Even though the right levator was thick and fibrous at the second operation and even 


though the lid covered the cornea 2 mm. at the end of operation, the lid “fell” to almost cover 
the pupil one year later. Thus, “good” levator tissue with poor levator action is not adequate 


to support a ptotic lid. 
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Fig. 39—Paralysis of elevators of right eye 
with true ptosis and good (10 mm.) levator action. 
Before operation (left), after operation for hyper- 
trophia (center), and after operation for ptosis 
(right). After operation to enhance the elevators and 
weaken the depressors of the right eye, the ptosis 
was worse. Resection of the levator raised the lid 
to cover cornea 4 mm. at end of operation and 2 
mm. 11 months later. Redundant skin of right 
upper lid should be excised. Many striated muscle 
fibers in biopsy specimen. 


at operation. When the levator action was 
good, striated muscle fibers were nearly al- 
ways found histologically in the biopsy 
specimen, Operation increased the amount 
of preoperative levator action an average 
of 2.2 mm. The best suture material for 
resection of the levator in children is 0000 
plain absorbable surgical (gut) sutures, all 
chromic surgical material lasting too long. 


Conclusions 
1. The external method for resection of 


the levator was better than the internal 

Fig. 41.—4 and B, before operation; C and D, 
after operation, Same case as in Figure 40. Note 
overcorrection of ptosis in eyes right (C) and 
undercorrection in eyes left (/)). 


Fig. 42. 


Good result in moderate blepharophi- 
mosis. 


Before operation (left), nine months after 


Figure 41 
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Fig. 40.—Good result in congenital third nerve 
paralysis. Before operation (left and after op- 
eration (right). Levator action was only 3 mm. 
from eyes down to eyes up, but a marked pseudo 
von Graefe sign was present on adduction of left 
eye. At operation the left lateral rectus was receded 
behind the equator; the left superior oblique was 
tenectomized, and the left lid was lifted to cover 
the cornea 3 mm. at end of operation. 


operation in congenital ptosis because (a) 
it produced a greater amount of correction 
and (b) the operation was easier for the 
average surgeon. 

2. The external method gave a greater 
amount of because (a) more 
levator tissue could be excised and (b) the 
levator was advanced on the tarsus. 


correction 


3. A survey of 147 external operations 
showed that (a) final overcorrection was 
the rule in the presence of good levator 


(center), and three and one-half years after (right). 
Levator action measured 8 mm. each eye before 
operation. Right upper lid was raised to limbus 
and the left to cover the cornea 1 to 2 mm. at 
end of operation. Note that the right upper lid 
was higher than the left nine months after opera- 
tion but lower three years later. 


Figure 42 


Vol. 61, Feb., 1959 


A.V. 
48/200 


LEVATOR RESECTION 


Fig. 43.—Good result in blepharophimosis with 
marked overaction of each inferior oblique muscle 
before operation. A, before operation (left) and 
seven months after (right). B, eyes right and eyes 
left. Note notch in right upper lid due to 
band-to-pulley and overaction of left inferior ob- 
lique B (left), overaction of right inferior oblique 
disappeared after operation because of an induced 
adhesion between the pulley and the lid, which 
prevented the upshoot of the right eye in adduction. 
Levator action was to 8 mm. each eye. Lids 
covered corneas 3 mm. at end of operation. No 
striated muscle fibers in either biopsy specimen. 


action unless the ptosis was undercorrected 
at the time of operation; (>) final under- 
correction was the rule in the presence of 
poor levator action unless 
overcorrected at operation; overcorrec- 
tion of the ptosis on the operating table 
was impossible when the levator muscle was 
too thin to support the lid adequately, and 
(d) a second resection of the levator gave 
a high percentage of satisfactory results 
only when the levator action was good. 
4. Full correction of the ptosis was ob- 
tained in over 70% of the (a) cases by the 
external operation whenever the ptosis was 
undercorrected on the table 2 or 3 mm. in 
the presence of 10 to 12 mm. of levator 
action; the ptosis was fully corrected and 


the ptosis was 


the levator action was 7 mm. in amount; 


(c) the ptosis was overcofrected 2 to 3 mm. 


Berke 


and the levator function measured less than 
4 mm. 

This study was made possible through the co- 
operation of the attending and resident staff of the 
Institute of Ophthalmology, Presbyterian Hospital, 
New York. 

430 Union St. 
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Chronic Progressive External Ophthalmoplegia 


Report of a Case with Histopathologic Examination of External Eye Muscle 


and Skeletal Muscle 


BJ@RN NICOLAISSEN, M.D., and ALF BRODAL, M.D., Oslo, Norway 


In recent years several investigators have 
described the histologic findings made in the 
external eye muscles in biopsies or necrop- 
sies in cases of chronic progressive external 
The authors cited 
agree that the changes are of the type us- 
ually seen in skeletal muscles in progressive 
muscular dystrophy, and they are of the 
opinion that chronic progressive external 
ophthalmoplegia is closely related to pro- 
gressive muscular dystrophy and represents 
a particular type of this disease with pre- 
ponderant or selective affection of the ex- 
trinsic eye muscles. Further support for this 
view is found in the concomitant occurrence 
of dystrophic changes in skeletal muscles in 
some cases.47:* The previously generally 
accepted opinion that progressive external 
ophthalmoplegia is primarily an affection of 
the nuclei of the eye muscle nerves appears 
to rest on insufficient evidence, as discussed 
by Kiloh and Nevin,’ Schwarz and Liu,™* 
and Adams, Denny-Brown, and Pearson. 
The latter authors list the disease among the 
progressive muscular dystrophies. 

This report presents an additional case in 
support of this view which is now gaining 
more and more ground. 


Report of Case 


History and Clinical Findings —A female 
factory worker, aged 53, was admitted to 
the Ophthalmologic Clinic, Kristianstad, 
Sweden, in November, 1956. 


Submitted for publication July 14, 1958. 

Dr. Nicolaissen’s present address is Ophthal- 
mologic Clinic, Molde, Norway. 

Kristianstad Centrallasarett, Kristianstad, Sweden 
(Dr. Nicolaissen), and Anatomical Institute, Uni- 
versity of Oslo (Dr. Brodal). 
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None of her relatives were known to 
suffer from muscular, neurologic, or men- 
tal diseases, and no eye disease similar to 
that of the patient had occurred in the 
family. When treated by an ophthalmolo- 
gist for chalazion in May, 1947, her ocu- 
lomotor system was found to be intact. She 
had been in good health until her present 
illness started, in the beginning of 1950. 

In October, 1950, she sought ophthalmo- 
logic advice because of drooping upper eye- 
lids. This interferred with her vision so 
markedly that she had great difficulties in 
her work. Her ptosis had progressed 
slowly but without fluctuations for more than 
half a year. She had felt tired and com- 
plained of muscular weakness. She had not 
been aware of any restriction of her eye 
movements and had not noted diplopia. On 
ophthalmologic examination a pronounced 
bilateral ptosis and an almost complete ex- 
ternal ophthalmoplegia, equal in both eyes, 
was found. There was no strabismus. The 
corneal sensibility appeared to be somewhat 
reduced. The pupils reacted well to light, 
and both ocular fundi were normal. After 
correction for myopia and astigmatism, her 
visual acuity was 0.9 and 0.1 in the right 
and left eye, respectively. The visual fields 
were normal. 

Since 1950 and up to 1956 she has been 
repeatedly examined by ophthalmologists 
and internists, and on several occasions she 
has been admitted to internal medical de- 
partments. The patient’s complaints during 
these years have varied from time to time: 
headache, sore throat, fluctuating pains in 
joints and muscles, muscular weakness, pal- 
pitations of the heart, dyspnea, tiredness, 
nervousness and periodic mental depression, 
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vertigo on quick movements of the head, 
sleeplessness, and bad appetite. The mus- 
cular weakness has usually been more pro- 
nounced in the morning than in the 
evening. In 1952 tonsillectomy was _ per- 
formed because of chronic tonsillitis. 

The results of repeated clinical examina- 
tions and the laboratory findings may be 
summarized as follows. She has an asthenic 
constitution. Her intelligence has been es- 
timated to be fair. No additional ocular 
symptoms have appeared. The other cranial 
nerves and the peripheral nervous system 
have shown no abnormalities. No objective 
signs of weakness of muscles of the trunk 
or limbs have been found. During the period 
of tonsillitis in 1952, she presented moderate 
clinical symptoms of rheumatoid arthritis 
in knee and ankle joints. 

X-ray examinations of lungs and heart 
and several electrocardiograms have been 
normal, as have routine laboratory tests of 
blood and urine and cerebrospinal fluid. 

In 1953 repeated analyses showed urinary 
excretion of creatine to be 390 to 780 mg. 
in 25 hours and of creatinine, 750 to 
900 mg., on one occasion 1800 mg. Intra- 
muscular injections of neostigmine (Pro- 


stigmin) did not influence the ptosis or 
motility of her eyes. Her body weight has 
increased from 42.5 kg. in 1950 to 54 kg. in 
1956. Her height is 157 cm. 

Her ailments have been diagnosed as com- 
plete bilateral external ophthalmoplegia, 
rheumatoid arthritis and chronic tonsillitis, 
neurosis, and postencephalitic state (based 
on the assumption that an encephalitis ear- 
lier in her life might have resulted in a 
degeneration of the oculomotor nuclei). She 
has been treated in periods with tonics, seda- 
tives, hypnotics, and analgetics and further- 
more with vitamins B and E and ascorbic 
acid (Vitamin C), often in great doses, 
without any effect. 

On examination in November, 1956, the 
following findings were made: She kept her 
head tilted backward, and her forehead was 
markedly and constantly wrinkled, with the 
eyebrows raised above the supraorbital mar- 
gins; good strength in the frontalis muscle 
and the corrugator bilateral 
ptosis. When she was looking straight 
ahead (Fig. 14), about three-quarters of 
the right and two-thirds of the left pupil 
were covered. Both eyes could be well 
closed with no appreciable weakness of the 


supercilii; 


Fig. 1—Unretouched photographs showing the practically complete immobility of the eyes. 
A, patient looks straight ahead. B, no Bell’s phenomenon on attempt to close the eyes. (, 
patient attempts to look to the right and D, to look downward. 
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orbicularis oculi muscles. The eyeballs were 
in the primary position, and their move- 
ments were restricted to scarcely visible 
excursions in all directions (Fig. 1C and 
LD), voluntary and reflexive. There was no 
converging power, and Bell's phenomenon 
was absent (Fig. 1B). The sensibility of 
both corneae seemed to be somewhat re- 
duced. The patient, however, declared that 
she could feel the slightest touch of cotton 
wool on the cornea, but the blink reflexes 
were not adequate. The pupils were circular 
and equal in size. Their reactions to light 
were within normal limits, though possibly 
somewhat sluggish. There was no cataract, 
and beth ocular fundi were normal. By 
manual elevation of both upper lids there 
was blurred vision and inconstant diplopia 
within 60 to 70 cm. There was no diplopia 
at distance. Her face 
her neck, thin. 


fas expressionless, 
The muscles of the neck, 
trunk, and legs appeared normal on physical 
examination. However, the patient com- 
plained of considerable weakness in her neck 
and legs. Only by great effort could she ele- 
vate her head from the pillow, and each 
leg could barely be raised above the other 
knee. There was thus a lack of proportion 
between the patient’s own feeling of 
strength and the physical findings. 

At this time there was no creatine in the 
urine. The excretion of creatinine was 460 
mg. in 24 hours. 

In order to obtain information as to the 
character of the external ophthalmoplegia, 
the right eye was locally anesthetized with 
tetracaine (Pontocaine) and the conjunctiva 
bulbi was grasped with a forceps. The eye 
could then be turned in all directions with- 
out abnormal muscular resistance, showing 


that there was no spastic paralysis. Biopsy 
specimens were then taken from the right 
external rectus and the right sternocleido- 
mastoid muscle for histologic examination. 


The patient was again seen in the Oph- 
thalmologic Clinic in December, 1957. Her 
general condition had deteriorated some- 
what, but the physical findings were as those 
reported above. A psychiatric examination 
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showed no intellectual inferiority but an 
obvious bradyphrenia revealing itself by her 
slow comprehension and speech, There were 
no obvious signs of amnesia or aphasia. 
Her face was almost motionless. The psy- 
chiatric diagnosis was “a marked pathologi- 
cal syndrome of organic type.” Now the 
laboratory examination showed the amounts 
of creatine and creatinine in the urine to 
be 160 and 740 mg., respectively, in 24 
hours. 

The patient’s opinion on her condition at 
this time was that the sudden death of one of 
her sisters two months previously had caused 
a pronounced mental depression. 

The psychiatric symptoms progressed 
rapidly. A few days later the patient was 
sitting immobile, but she could shake hands, 
seemingly with great effort. She was unable 
to talk, but she could masticate and swallow. 
There was incontinence of bladder and 
bowels. She was admitted to St. Lars Hos- 
pital for Mental Diseases, Lund. 

Histologic Examination.—The _ biopsy 
specimens were kept for two hours in gauze 
moistened with Ringer’s solution and then 
transferred to 8% formalin. After fixation 
the blocks were embedded in paraffin. Some 
serial sections, 15 thick, were made in a 
plane approximately transversely to the 
muscle fibers; others were made in their 
longitudinal direction. Most sections were 
stained with hematoxylin and eosin, or the 
Van Gieson stain, while some were treated 
with the Mallory stain or impregnated with 
silver according to the Bielschowsky- Maresh 
method for reticular fibers. 

Right External Rectus Muscle: There is 
a considerable increase in connective tissue. 
Certain regions of the biopsy specimen 
consist exclusively of dense bundles of col- 
lagenous fibers; in other places scattered 
muscle fibers are seen embedded in connec- 
tive tissue. Still other regions contain a 
fair number of muscle fibers, but even here 
collagenous fibers, usually of a finer caliber, 
are present in increased numbers between 
the individual muscle fibers (Fig. 24 and 
B). Only rarely a few muscle fibers are 
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Fig. 2—Unretouched photomicrographs from the external rectus muscle (A-F) and from 
the sternocleidomastoid muscle (G-/). B and FE are from Van Gieson-stained sections; the 
others are from sections stained with hematoxylin and eosin. A, transverse section, external 
rectus muscle. Atrophy of muscle fibers, with increase of connective tissue. B, transverse 
section, external rectus muscle. Increase of connective tissue between the individual muscle 
fibers which have varying diameters. C-F, “degenerating” fibers in external rectus muscle, 
showing granular sarcoplasm. In C a row of subsarcolemmal nuclei; in )) a cluster of pyknotic 
nuclei, in / rounded abnormal nuclei. G, transverse section, sternocleidomastoid muscle. 
Fibers in different stages of atrophy irregularly intermingled. //7, muscle fiber from the 
sternocleidomastoid muscle showing some preserved myofibrils in a granular sarcoplasm. 
I, from the same muscle as Figure 7. Fiber showing hyperchromatic nuclei; normal fibers on 


both sides. 
from mag. X 220. 


seen lying closely together, not separated by 


collagenous fibers. 
The diameters of the muscle fibers vary 
between and The majority have 
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A and G, reduced about 10% from mag. 120; all others reduced about 10% 


diameters of 10u to 20p. There is no regular 
arrangement of fibers of particular diam- 
eters in groups. When seen in longitudi- 
nal section, about half the number of fibers 


53/205 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


show preserved myofibrils with distinct cross 
striations. Even some extremely atrophic 
fibers have retained their cross striation, 
while, on the other hand, fibers with ap- 
proximately normal caliber may show “‘de- 
generative” changes. The sarcoplasm has 
a granular appearance (Fig. 2D-F). In 
some of these fibers small vacuoles occur; 
in others some preserved myofibrils may be 
seen in the granular mass. These preserved 
myofibrils are most commonly situated un- 
derneath the sarcolemma. 

In the muscle fibers having a normal ap- 
pearance with preserved cross striations, the 
nuclei usually appear normal and have a dis- 
tinct nucleolus. In fibers showing “degen- 
erative” changes as described above, such 
nuclei are rare. Most of their nuclei are 
pyknotic, dark, and homogeneous (Tig. 
2C-D) and may have irregular outlines. In 
some fibers of this type pyknotic nuclei are 
arranged in rows of four to eight under- 
neath the sarcolemma (Fig. 2C), or they 
may appear clumped together (Fig. 2D). 
Other nuclei in the fibers affected with 
“degenerative” changes appear larger and 
rounder than the normal ones and usually 
lack a nucleolus and a network of chroma- 
tin (Fig. 2E). 

Right Sternocleidomastoid Muscle: There 
is no convincing increase of connective 
tissue between the primary muscle bundles. 
However, in a few of them strands of col- 
lagenous fibers extend in between the 
muscle fibers, surrounding the individual 
fibers on all sides. The majority of the 
muscle fibers appear to have a normal struc- 
ture, but their diameters vary between &» 
and 454. Most of them are approximately 
30 thick and thus are certainly atrophic. 
However, muscle fibers in the same degree 
of atrophy are not collected in groups, but 
fibers in different stages of atrophy are 
irregularly intermingled (Fig. 2G). In 
longitudinal sections the cross striations are 
distinct in most fibers (Fig. 27). In a few 
the cross striations are absent and the 
sarcoplasm has a granular appearance; in 
others it presents what Greenfield et al.° 
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call a “floccular change.” As in the external 
rectus muscle, some fibers still have some 
preserved myofibrils in an otherwise granu- 
lar sarcoplasm (Fig. 2H). In most of the 
muscle fibers the nuclei show no abnormal 
features, but in some fibers long chains of 
nuclei are found under the sarcolemma. 
These nuclei may be somewhat more densely 
stained than the normal nuclei and have an 
increased basophilia (Fig. 2/7). Particularly 
in the most atrophic fibers, chains of darkly 
staining pyknotic nuclei are frequently seen. 
Occasionally such cells are collected into 
dense clusters as in the external rectus 
muscle (see Fig. 2D). 

Some bundles of nerve fibers which are 
found in the section appear normal, as far 
as can be judged on the basis of the staining 
methods employed. The same is the case 
with a muscle spindle which is included in 
the biopsy specimen. No _ pathological 
changes are found in the vessels. 


Comment 


The case history and the clinical findings 
in our case make clear that the diagnosis 
of chronic progressive external ophthalmo- 
plegia is justified. (For a recent review of 
the clinical aspects see, for example, Kiloh 
and Nevin.*?) From a clinical point of view, 
the present case shows nothing particularly 
striking. Several authors emphasize the im- 
portance of heredity in the pathogenesis of 
this disease. No evidence that hereditary 
factors were involved could be found in our 
case, but obviously the absence of the 
disease among the few relatives of the 
patient does not permit any conclusions. 

It may be asked whether there is any re- 
lation between the ophthalmoplegia in our 
case and the signs of “nervousness” and 
psychic deterioration exhibited by the pa- 
tient, particularly during the last year. In 
spite of the conclusion by the psychiatrist 
that she presented “a marked pathological 
syndrome of organic type,” there were no 
neurologic signs pointing to an affection of 
the central nervous system. It appears most 
likely that her nervous and psychic dis- 
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orders, of whatever nature they may be, are 
not directly related to her ophthalmoplegia. 
It may be noticed, however, that there is 
some similarity between our patient and 
McAuley’s Case 2 in this respect.* 

It is generally conceded that creatinuria is 
common in all kinds of diseases affecting the 
general musculature and that it is particu- 
larly marked in muscular dystrophies.*!"* 
Its occurrence in our case on some Occasions 
is, therefore, worthy of notice. However, 
the creatinuria was rather moderate, being 
7 to 15 mg. per kilogram of body weight 
in 24 hours in 1953 and about 5 in 1957. 
Since some normal women exhibit slight 
creatinuria either constantly or at inter- 
vals,’ as do children,’'* much weight can- 
not be attributed to the creatinuria in our 
case. Since there appears to be a relation 
between the amount of creatine in the urine 
and the degree of muscular wasting,®? one 
would scarcely expect large quantities of 
creatine to be excreted in progressive ex- 
ternal ophthalmoplegia, even if this is a 
disorder belonging to the muscular dystro- 
phies. The values of the creatinine coeffi- 
cient (ratio of milligrams of creatinine in 
24-hour urine to body weight in kilograms ) 
in our case (14 to 17, 9, and 15 on different 
occasions ) are also within the normal range 
for women.'®!! (Only once it was found to 
be 34.) The analyses of urinary excretion 
of creatine and creatinine in our case thus 
do not give any information with regard 
to the nature of the disease. 

Of major interest in the present case are 
the results of the histologic examination. 
The external rectus 
muscle showed several histologic features 
which are regularly seen in muscles in 
clinically verified 


sections the 


cases of progressive 
muscular dystrophy,'*'® such as a marked 
increase in connective tissue with infiltra- 
tion of collagenous fibers even between the 
muscle fibers of primary muscle bundles. 
Furthermore, the presence of fibers in prac- 
tically every degree of atrophy and the 
absence of grouping of fibers in the same 
stage of atrophy is characteristic, in contrast 
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to the pictures usually seen in muscular 
atrophies due to lesions of peripheral motor 
neurons. Here, commonly, fibers affected to 
the same degree are lying collected in groups 
of 8 to 50 fibers.''® Finally, the “degenera- 
tive” changes in the sarcoplasm of some 
fibers (granulation, loss of cross striation ) 
are changes almost constantly found in 
dystrophic affections but lacking or ex- 
tremely rare in neurogenic muscular atro- 
phies. Long rows of subsarcolemmal chiefly 
pyknotic nuclei, found in the external rectus 
muscle in this case, however, are more com- 
monly seen in neurogenic atrophies than in 
dystrophic muscles. In the latter such nu- 
clear chains are usually centrally placed." 
Yet, this feature alone is not sufficient to 
invalidate the conclusion that the changes 
found in the external rectus muscle in our 
case are to be considered as dystrophic, since 
the presence of the other changes carries 
more weight. 

For an evaluation of the relation between 
chronic progressive external ophthalmo- 
plegia and the progressive muscular dystro- 
phies, it is of relevance to know whether 
dystrophic changes are present in skeletal 
muscles as well in cases of progressive ex- 
ternal ophthalmoplegia. It is generally held 
that clinical signs of affection of skeletal 
muscles are usually absent in this disease, 
and according to Kiloh and Nevin,’ affec- 
tion of the external eye muscles in the well- 
known types of progressive muscular 
dystrophy is extremely uncommon. Yet, 
some cases with combined involvement of 
skeletal muscles and external eye muscles 
have been reported (for a review of the 
literature, see Kiloh and Nevin’). Since it 
is possible that a muscle may be affected 
histologically without definite 
clinical wasting or biopsies of 


skeletal muscles in cases of progressive 


presenting 
paresis, 


external ophthalmoplegia may give informa- 
tion of value. A few cases where such 
biopsies have been made have been reported. 
Thus Kiloh and Nevin? in one of. their 
cases, found pathologic changes of the dys- 
trophic type in the orbicularis oculi and the 
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lateral vastus muscle; in another case, in the 
deltoid muscle, and in a third, in the orbic- 
ularis oculi muscle. McAuley * studied the 
pectineus in one case, the deltoid in another. 
In all of these cases the changes were far 
the skeletal muscle 
studied than in the external eye muscles. 
This However, 
the findings made in the sternocleidomastoid 
are strongly suggestive that the pathologic 
process is of the dystrophic type. Thus the 
absence of grouping of fibers in the same 
stage of atrophy, the infiltration of collage- 
nous fibers between muscle fibers in the pri- 
mary muscle bundles, and the slight but 
unequivocal “degenerative” changes in the 
sarcoplasm of some of the fibers are find- 
ings commonly made in the affected muscles 
in progressive muscular dystrophies. The 
similarity in the pathologic changes in ex- 
ternal eye muscles and in skeletal muscle 


less pronounced in 


is also true in our case. 


in our own and some of the previously re- 
ported cases furnishes evidence in favor of 
the opinion that chronic progressive ex- 
ternal ophthalmoplegia is closely related to 
the chronic progressive muscular dystro- 
phies. 

The infrequent simultaneous clinical 
occurrence of muscular dystrophy of the 
usual types and chronic progressive external 
ophthalmoplegia may seem to contradict the 
opinion that there is any close relation be- 
tween them. However, as is well known, 
the progressive muscular dystrophies may 
be subdivided various which 
differ with regard to thei preferential 
localization, time on onset, course, heredity, 
and other features. 


into forms 


The reasons for these 
variations are unknown, but they are com- 
patible with the view that chronic external 
progressive ophthalmoplegia may be a par- 
ticular form within the larger group of 
muscular dystrophies. Much patho- 
logical material will have to be examined 
before it can be decided whether the his- 
tologic changes in the affected muscles may 
give any clue in this respect. The occur- 
rence of long rows of pyknotic subsarcolem- 
mal nuclei in the external rectus muscle and 
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the sternocleidomastoid in our case may be 
an indication that there are minor differ- 
ences between the histological changes in 
this form of myopathy and those affecting 
primarily the skeletal muscles, and it is in- 
teresting to note that similar chains of 
subsarcolemmal 
ternal 


nuclei were found in 
muscles 


ex- 
in some of the cases 
described by others. Too much importance 
should, however, not be attributed to this 
isolated finding. Greenfield and his collab- 
orators recently emphasized that 
pathologic changes in the muscles specific to 
a particular disease process scarcely exist, 
a statement to which one of us (A. B.), 
having examined a rather large number of 
such will subscribe. 
Nevertheless, certain features in the pa- 
thology may be sufficiently characteristic 
to merit attention in differential diagnosis. 
An illustrating example is furnished by 
progressive peroneal muscular atrophy 
( Charcot-Marie-Tooth disease). In spite of 
a number of histologic changes in the 
muscles which indicate that this disease is 
primarily an affection of the lower motor 
neurons, “degenerative” changes in the 
muscle fibers are rather prominent,* in con- 


eye 


have 


biopsy specimens, 


trast to, for example, amyotrophic lateral 
s.16 It appears, therefore, that it 
would be of importance in future studies of 
biopsy specimens from external eye 
muscles to pay attention to the possible oc- 


sclerosi 


currence of pathologic features which may 
distinguish 
ophthalmoplegia 
muscular dystrophies. 


chronic progressive external 


from other forms of 

The question of the classification of the 
disease under consideration may, however, 
not be as simple as one might believe from 
the few reports published on its pathology. 
It should be realized that the fact that 
dystrophic changes have been found in 
several cases of chronic progressive external 
ophthalmoplegia does not permit a definite 
statement that this disease, as classified on 
the basis of clinical criteria, is always a form 
of progressive muscular dystrophy. One of 
us (A. B.) has recently examined biopsy 
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specimens from two cases which were 
clinically typical, but, in spite of this, no 
pathologic changes could be found either in 
eye muscles or in biopsy specimens from 
the deltoid muscle. 


Summary 

A case of chronic progressive external 
ophthalmoplegia in a middle-aged woman is 
described. Her symptoms started at the age 
of 47, and in the course of a few years a 
complete external ophthalmoplegia — de- 
veloped. 

The excretion of creatine and creatinine 
in the urine showed no significant changes. 

Biopsy of the right external rectus 
muscle showed histologic changes similar to 
those found in cases of muscular dystrophy : 
iucrease of connective tissue, even within 
the primary muscle bundles; atrophy of 
muscle fibers without grouping of fibers in 
the same stage of atrophy; granular “de- 
generation” of the sarcoplasm in some fibers 
with loss of myofibrils, and changes in the 
nuclei of the muscle fibers. Biopsy of the 
sternocleidomastoid muscle showed similar 
but less marked changes of the same type. 

The histologic findings are in agreement 
with the view that progressive chronic ex- 
ternal ophthalmoplegia may be a particular 
form of muscular dystrophy. Some features 
of the histologic changes are discussed from 
this point of view. It is emphasized that it 
would be premature to conclude that all 
cases diagnosed clinically as progressive 
chronic external ophthalmoplegia are of the 
myopathic type. 

Lasarettslakare Herman Gronvall, M.D., Head 
of the Ophthalmologic Clinic, Kristianstad, Sweden, 
gave permission to use the clinic’s records con- 
cerning the patient. 


Anatomical Institute, University of Oslo, Karl 
Johans gt. 47 (Dr. Brodal). 


Addendum 


After the present paper was completed, 
Kirschbaum and Holland (Neurology 8: 
304-306, 1958) published a report of a case 
of chronic progressive external ophthalmo- 


Nticolaissen—Brodal 


plegia. The histologic changes, which are 
very briefly described, are interpreted as 
being of the dystrophic type. 
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J. van den BOSCH, M.D., Leyden, Netherlands 


Introduction 


In 1869 Leber,’ at the time consulting 
ophthalmologist of the Ilvesheim Institute 
for the Blind, described a type of blindness 
occurring at birth or soon after. In some 
of the affected children residual vision was 
found. In most of the cases a marked 
nystagmus was present and photophobia 
was recorded in spite of the extremely poor 
visual function. Even in the few cases in 
which the visual function was less defective, 
it was obvious that the pupil reactions were 
slow and incomplete. In some of the cases 
of complete blindness, however, rudi- 
mentary pupil reaction was observed. 

In those cases having some residual vision, 
the visual fields were in most instances not 
markedly contracted. In some of the less- 
affected children a marked degree of night 
blindness was recorded. In the first months 
of life it was not possible to observe es- 
sential alterations in the fundus oculi. In a 
later phase minor pigmentations occurred, 
in a few cases changing toward bone-cor- 
puscle-like pigmentation. In those cases also 
a narrowing of the retinal vessels and be- 
ginning optic atrophy could be observed. In 
a minority of cases the fundus stayed 
normal, in spite of the severely impaired 
visual function. In the majority of cases a 
diffuse atypical pigmentation occurred. In 
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some of the older cases complicated cataracts 
were found, 

On the basis of the ophthalmoscopic 
picture and the visual function, Leber clas- 
sified this affection as belonging to the 
tapetoretinal degenerations, Tapetoretinale 
Degeneration mit Amblyopie; he suggested 
the name amaurosis congenita. Leber also 
stressed the high incidence of hereditary 
factors : consanguinity of the normal parents 
in 24.1% and blind siblings in 20.7%. 

Waardenburg ? in 1956 presented some 12 
cases which might well belong to the above- 
described disease. However, he stressed in 
particular the high incidence of keratoglobus, 
a symptom not mentioned by Leber. 
Waardenburg discussed the possibility of an 
agenesis or dysgenesis neuroepithelialis 
retinae as a cause of this connatal affection. 
In the same year, one of us * discussed the 
value of electroretinography in cases of 
doubtful diagnosis in blind or partially 
sighted children. 

In 16 cases of the condition under dis- 
cussion a diagnosis of dysfunction of the 
retina was made, based upon the absence 
of the ERG, although in some of the cases 
a highly reduced response of probably 
photopic nature could be recorded. 

In 1957 Alstr6m and Olson * published 
an extensive study called heredoretinopathia 
congenitalis monohybrida auto- 
somalis, describing a large number of cases 
of an affection, which might well fit in with 
Leber’s description. 


recessiva 


Cataract and kerato- 
conus, however, were found in a substantial 
number of cases. Genetically, this Swedish 
study is highly important in establishing 
beyond doubt the recessive autosomal 
character of this condition. We had _ the 
opportunity of examining some of the chil- 
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dren described.* We are convinced that the 
affection described by Alstrom and Olson 
is the same as that reported by Waarden- 
burg. 

l’ranceschetti and Dieterlé ® also described 
some cases of Leber’s amaurosis congenita, 
stressing the value of electroretinography in 
the diagnosis. 


Present Study 


The present material consists of 227 cases 
of amaurosis congenita, of which 114 are 
adults and 113 are children. Of the latter, 
109 are blind and only 4 are partially sighted 
(the definition of blindness used in this in- 
vestigation is a vision of 1/10 or less; vision 
of the partially sighted, up to 1/4). The 
material was collected in the course of an 
investigation into the causes of blindness in 
the Netherlands by one of us (J. S. K.). 
The number of blind children registered so 
far seems to be fairly complete; it is con- 
sidered to be approximately 600. The per- 
centage of this in the general 
population of known blind persons (adults 
and children together, approximately 6000) 
is 3.8%, whereas in children we have cal- 
culated an incidence of as much as 18%! 
Alstrém and Olson found an almost equally 
high incidence in Sweden. 


disease 


The data of the 227 cases under discus- 
sion were submitted to us by a large group 
of Dutch ophthalmologists. Owing to the 
high incidence of the affection it should be 
reasonable to assume that the condition is 
familiar to the majority of ophthalmologists. 
However, this is not the case. Various 
diagnosis were made; the most frequently 
found were the following: (1) 
amaurosis of unknown origin 


connatal 
( probably 
centrally located, e. g., cerebral hemorrhage 
during dejivery); (2) diffuse chorioretinitis 
(congenital syphilis’); (3) atypical tapeto- 
retinal degeneration, e. g., retinitis pig- 
mentosa sine pigmento, and (4) connatal 
optic atrophy. 


*Dr. Alstrom and Dr. Olson arranged for per- 
sonal examination of a number of their cases at 
Tomteboda Institute for the Blind, Stockholm. 
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It seemed important to us to study the 
affection in its earlier stages. Therefore 
we confined our investigation to the affected 
children. 

Of the 113 cases, 56 were examined in 
detail by ourselves, with electroretinographic 
examination. In the following pages data 
will be given of these 56 cases. The distribu- 
tion of their ages at the time of our first 
examination was as follows: from 1 to 5 
years of age, 3 cases; from 6 to 10 years, 
18 cases, and from 11 to 18 years, 35 cases. 

The following diagnoses were made by 
the referring ophthalmologist : 


Diagnosis Cases, No. 


1. Tapetoretinal degeneration 30 
2. Blindness or amblyopia of 
central origin 
. Connatal optic atrophy 
. Achromatopsia 
. Anomalies of optic nerve 
. Congenital cataract 
. Albinism or choroideremia 
. Amaurosis congenita Leber 


Sw 


Symptoms 


Obligatory symptoms of amaurosis con- 
genita (Leber) are (1) connatal amaurosis 
or highly impaired vision, (2) a fundus 
picture showing a marked discrepancy be- 
tween this and the visual function, (3) a re- 
cessive heredity, and (4) an absent ERG 
or at least a markedly reduced electrical 
activity of the retina. 

In the majority of cases nystagmus or 
nystagmoid eye movements may be re- 
corded. 

Facultative symptoms are (1) photo- 
phobia, (2) cataract, and (3) keratoglobus 
or keratoconus. The latter two conditions 
seem to develop in a later phase of the af- 
fection. 

Generally speaking, the visual fields—if 
recordable—do not show marked constric- 
tion, in contrast with the constriction found 


in most cases of primary pigmentary de- 
generation. 


Each of the symptoms mentioned above 
needs a discussion in some detail. 
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Fig. 1 
case of amaurosis congenita (Leber). Only minor 
alterations are visible: “thinning” of the peripheral 


(Case 1).—Fundus picture of a typical 


retina and diffuse pigment dispersion. 


Doubtful 
optic atrophy. 


Visual Acuity 


Among the 56 children, vision was zero 
in 4 cases. There was vision up to hand 
movements at 1 meter in 22 cases; vision 
up to finger counting at 1 meter in 11 cases; 
vision up to 1/10 in 10 cases, and vision 
over 1/10 in the better eye in 3 cases. In 
6 cases it was virtually impossible to record 
the visual acuity, owing to the age of the 
child and the existence of marked photo- 
phobia. 


Fundus Picture 
The ophthalmoscopic picture is rather 
polymorphous. In the young patient an 
almost normal appearance is common ( Fig. 
1). During life this appearance may change 
considerably. Commonest is a dingy, dis- 
orderly appearance of the fundus with—in 


Schappert-Kimmityser et al. 


some of the cases, especially the older ones 
—in a later phase atypical pigmentation and 
depigmentation, especially in the periphery 
of the fundus. 

Incidentally, a pepper-and-salt fundus is 
diagnosed. In many a case, however, an 
albinotic appearance is notable. A marked 
alteration of the macular region also may be 
recorded. In a large number of cases some 
narrowing of the retinal vessels and a slight 
optic atrophy is mentioned. Of the 56 cases 
observed, the fundus picture was described 
as follows: 


Fundus 


Appearance Cases, No 


1. Normal 5 
2. Atypical pigmentation and 
depigmentation 39 
3. Typical, bone-corpuscle-like 
pigmentations 
4. Markedly altered macular region 16 
5. Attenuation of the retinal vessels 35 
6. Some optic atrophy 39 


. Pseudopapillitis and other anomalies 


Recessive Heredity 


There were 42 of the 56 children under 
discussion who were free from major 
neurologic and/or psychiatric defects. In- 
tentionally, in the study of hereditary factors 
we eliminated mentally defective patients in 
order to make a comparison possible between 
our data and those of Alstrom and Olson 
(Alstrom and Olson eliminated the physi- 
cally and mentally defective probands from 
their material). “Twenty-two of these forty- 
two children were from families showing 
the disease. Of these, we found in 1 family 
four connatally blind children; in 2 families, 
three connatally blind children; in two fami- 
lies, two connatally blind children, and in 11 
families, more than one connatal blind child. 
However, in each family only one child was 
examined personally, the others being ex- 
amined by other ophthalmologists, who sub 

mitied their data of these affected children 
to us. 

The character of 
amaurosis congenita (Leber) is made clear 
by the study of the first pedigree chart of 
the Netherlands (Fig. 2). In chart 


recessive autosomal 


this 
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AMAUROSIS CONGENITA IN A DUTCH ISOLATE 


legendum =smale 
re) = temate 


saffectes 


Fig. 2.—Pedigree chart of a family in a Dutch isolate, including 13 cases of amaurosis 


congenita (Leber). 


13 cases have been included, most of them 
still living on the isle of Urk. 

The demographic history of the population 
of this old isolate provides the student of 
population genetics with an ideal object of 
investigation. In 1637 only 151 of the 300 
inhabitants survived the plague. As most 
marriages were endogamous up till 1941— 
when the island became part of the 
mainland, owing to reclamation of the 
Zuyderzee—the present population of about 
4000 can be regarded as the progeny of at 
most 75 marriages in the 17th century. This 
means that the mean coefficient of inbreed- 
ing in this population must be extremely 
high. Therefore, many members of the 


population have common ancestors, from 
which they could have inherited a particular 
gene originating in one of these progenitors. 


Recessive genes for abnormal traits can 
act only in homozygous persons. As _ the 
number of common ancestors increases so 
does the probability of two recessives com- 
bining to form one abnormal homozygous 
person. For these reasons, it was not sur- 


prising to find the following data: (a) The 
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parents of our probands were related; (b) 
the affection occurred also in other siblings, 
and (c) all these siblings proved to have 
one or more common ancestors. Further- 
more, we were able to prove that: (d) 
None of the parents of the affected persons 
were affected themselves; (e) both males 
and females were about equally affected; 
(f) most of the parents were either related 
to each other or related to parents of other 
affected persons; (g) the ratio of affected 
to not affected sibs did not deviate sig- 
nificantly from the expectation in case a 
recessive gene was involved. 

From the above, it seems to be justified 
to assume that amaurosis congenita in this 
isolate is the phenotypical expression of one 
or more autosomal recessive genes. 


Electroretinogram 


The series of 56 children under discussion 
was examined electroretinographically. 
Single-flash ERG’s and flicker ERG’s were 
employed according to the method published 
by one of us (Henkes*). Using the 
“usual” amplification of 500uv. per centi- 
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Fig. 3—The ERG is a typical case of amaurosis congenita (Leber). Upper leit, absent 
electrical response. However, the right eye shows a distinct negative response when the usual 


amplification is increased 10 times. 


Selective amplification, using frequency analyzer, demon- 
strates clear responses in the right eye up to 36 flashes per second. 


The left eye does not 


produce any response following either a single flash or flickering light. Intensity used: 6500 
lumens; xenon-filled tube. Time constants: single-flash ERG, 1 second; flicker ERG, 0.1 second. 


meter and Karpe’s technique, only in two 
eyes could a clear scotopic response be re- 
corded. An increase in stimuius intensity 
and at the same time the use of a method 
of selective amplification of the flickering 
response (see Henkes, van der Tweel, and 
van der Gon ®7), however, revealed a definite 
response in 42 of the 110 eyes, thus reduc- 
ing the number of eyes with an absent ERG 
to 68. (The commonly used expression 
“extinguished” ERG [Karpe] is in our 
opinion misleading in these cases, as it sug- 
gests the presence of an electrical response 
beforehand, an assumption as yet to be 
proven.) The ERG’s found in this way are 
very probably of photopic nature, as they 
could be demonstrated only by using a high 
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gain of the recording apparatus and very 
high intensities of the light stimuli. They 
show a predominantly negative character, 
and the critical frequency of flicker fusion 
lies well within the photopic range. 

In Figure 3 a so-called absent ERG is 
given in a case of amaurosis congenita 
(Case 1). With use of recording conditions 
routinely in use, the ERG is absent, both in 
the single-flash and in the flicker ERG 
(upper tracings), although the stimulus in- 
tensity is very high. (xenon-filled strobo- 
scope tube, with an intensity comparable to 
6500 lumens). However, an increase in 
amplification up to 50nv. per centimeter 
shows a small negative response in the 
single-flash ERG of the right eye. 
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Fig. 4.—Determination 
of the critical intensity of 
flicker fusion (CIF) at 
39 flashes per second. 
Tracing 1 and Tracing 3, 
flicker ERG with differ- 
ent amplification and dif- 2 
ferent time _ constants 
(Channel J, 1. second; 
Channel 3, 0.1 second). 
Recording of stimulus in 
Channel 2. Resonance 


Ime. 
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5m.c. 15 m.c. 


channel (No. 4) gives 4 
clear response at 5 lu- 
mens, no response at 1 
lumen. CIF, 1 lumen. 


In the amplified flicker ERG of this right 
eye the response is present at least up to 36 
flashes per second, being well within the 
photopic range. The left eye does not pro- 
duce a response either in the single-flash 
or im the flicker ERG. In the right eye 
flicker fusion was reached at 39 flashes per 
second when the maximum available light 
intensity of 6500 lumens was used. In 
most normal cases, for comparison, the 
critical frequency of flicker fusion is 39 
flashes per second at an intensity not ex- 
ceeding 5 lumens (or, to say it differently, 
the critical intensity of flicker fusion (CIF) 
is 5 lumens or less). It is clear that in this 
particular case the response of the cone 
system is very defective. For comparison, 
the determination of the CIF in a normal 
person at 39 flashes per second is given in 
Figure 4. With use of the method of the 
selective amplification of the flicker ERG, 
a resonance is clearly visible in the analyzer 
channel (No. 4) at an intensity of 5 lumens, 
whereas flicker responses cannot be seen 
in the normal or in the amplified flicker 
ERG. The CIF in this normal case is thus 
1 lumen at 39 eps. 

In one child only we did find a scotopic 
response under the “usual’’ recording condi- 
tions. Figure 5 gives the electroretinographic 
data in this case (Case 2), in which a b- 
potential was found of 5lyv. in the right 
eye and of 73pv. in the left eye (stimulus 
intensity, 400 lumens). rudimentary 
photopic response at 43 flashes per second 
could be recorded as well, using the selec- 
tively amplified flicker-response 
stimulus intensity of 5000 lumens. 
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The absence of an electrical response 
using the “normal” recording conditions in 
such a high percentage of the cases (in the 
present material in 110 of 112 eyes) may 
well be considered as a compulsory symptom 
of amaurosis congenita. 

Karpe* is of the same conviction, al- 
though he was able to record subnormal re- 
sponses also in some of the cases described 
by Alstrom and Olson. 

The highly impaired electrical response 
indicates that the origin of the affection 
must be located within the retina, despite 
the fact that Winkelman® found, histo- 
logically, all retinal layers to be intact. In 
discussing Winkelman’s report, Waarden- 
burg was certainly correct in pointing out 
that a histological examination is unable to 
distinguish between normal and pathological 
functioning of the retina. 


Other Symptoms 
Nystagmus was present in 35 of the 56 


children examined. Marked photophobia 
was recorded only in two children. As men- 


os 900 pV 
stim—v 


14sec 


Fig. 5.—Single-flash ERG in a case of amaurosis 
congenita, showing scotopic responses of 5lyav. and 
73uv., respectively, for right and left eyes. Stim- 
ulus intensity, 400 lumens. Time constant, 1 second. 
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tioned above, cataracts were found only in 
a few eyes. This is due to the fact that 
cataract (as well as keratoglobus) usually 
develops at a later stage of the affection. 
We observed 15 eyes with cataracts and 
only 2 cases of keratoglobus. Obviously our 
findings differ markedly in this respect from 
those given by Alstrom and Olson, because 
they have studied older persons. The two 
cases of keratoglobus were found in the 
group of children 11 years of age or older 
at the time of the first examination. Of 15 
eyes with cataract, 11 were found in this 
same age group. 


Report of Typical Cases 


Case 1.—A_ 13-year-old girl has been 
blind since birth. A sister is equally af- 
fected. There is no consanguinity of the 
parents. Visual acuity: light projection 
positive. Nystagmus. Ophthalmoscopy re- 


veals only minor alterations (lig. 1). The 
retinas are “thin,” especially in the 
periphery. Slight pigment dispersion is 
present all over the fundus, more marked 
in the periphery. The retinal vessels seem 
to be slightly contracted; the optic dises 
show a doubtful atrophy. If this girl had 
had normal visual function, one would have 
certainly been inclined to consider the 
fundus only as slightly abnormal, though 
without significance. The ERG is absent, 
at least under recording conditions used 
routinely (Fig. 3). Selective amplification 
reveals, however, a rudimentary response of 
photopic nature, at least in the right eye. 
Case 2.—A_ 14-year-old girl has been 
blind since birth. As far as can be estab- 
lished, this girl is the only one affected in 
the family. There is no consanguinity of 
the parents. Visual acuity: right eye, hand 
movements seen at 1 meter; left eye, fingers 
counted at 1 meter. Nystagmus. Ophthal- 
moscopy : diffuse pigmentation of the fundus 
oculi; slight atrophy of the optic dises. 
Diagnosis made at the age of 5: connatal 
optic atrophy with diffuse atrophy of the 
retina. The ERG shows a subnormal b- 
wave (Fig. 5) and a rudimentary photopic 
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response in the amplified flicker ERG in 
both eyes. 


Comment 


No doubt the material presented is. still 
incomplete. Intentionally we have presented 
only cases of amaurosis congenita found in 
children. In adults the fundus picture be- 
comes less specific: The minor alterations 
of the fundus found in the majority of 
cases under the age of 18 years show a 
tendency toward increased pigmentation and 
local atrophic alterations. It may be diffi- 
cult to differentiate between amaurosis con- 
genita (Leber) and cases of classical 
tapetoretinal degeneration, since the electro- 
retinographic responses associated with the 
disorders are usually indistinguishable, par- 
ticularly when the onset of the visual dis- 
ability remains obscure. Connatal diffuse 
chorioretinitis of unknown origin usually 
shows an ERG of subnormal or even normal 
qualities, and in case of a reduced electrical 
response the reduction is 
nounced as described above. 


never pro- 
In diagnosing 
a case of amaurosis congenita in a child 
with some residual retinal function, one has 
to consider a crucial question: Is there a 
possibility of deterioration of the function 
as in the classical tapetoretinal degenerations 
of the retina’ Up to the present we do not 
know whether this amaurosis congenita be- 
longs to a dysgenesis retinalis, as Waarden- 
burg maintains. Maybe it is better to use 
the expression abiotrophy, stressing the 
possibility of deterioration of the retinal 
function either in the near or distant future. 
In our opinion, only a painstaking survey 
of the reported cases followed over a period 
of years may supply the answer. 

Although Alstr6m and Olson did not find 
a higher incidence of mentally defective 
patients in their material than is found in 
the general population, our material does 
seem to indicate a higher incidence. Out of 
the 56 children discussed in the present 
study, 14 showed major neurologic and/or 
psychiatric dysfunctions (5 children’ suf- 
fered from epilepsy). However, the data 
are too incomplete to draw any definite con- 


65/217 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


clusions at the present time. In our opinion, 
it will last at least one generation before we 
may expect to get a clearer insight into the 
problems mentioned above. 


Summary 


In the course of an investigation into 
causes of blindness in the Netherlands, 227 
cases were found of a little-known affection : 
amaurosis congenita (Leber). Of these 
cases, 113 were in children, indicating that 
this affection is one of the main causes of 
blindness in children, at least in the Nether- 
lands (18% of the 600 blind children known 
in this country). Fifty-six children were 
examined by us, and_ electroretinograms 
were obtained. Obligatory symptoms of the 
disease are connatal blindness (or deep 
“amblyopia”), a marked discrepancy be- 
tween retinal function and fundus picture, 
and an incidence in blood relations typical 
of a recessive genetic determinant. A fourth 
symptom present in all cases is a modifica- 
tion of the ERG response—either complete 
absence or greatly reduced photopic activity 
of the retina. Occasional concomitants are 
nystagmus and photophobia. The incidence 
of cataract and keratoglobus is greater in 
older persons. The affection was demon- 
strated in 15 families. The first pedigree 
chart of the Netherlands, including 13 cases, 


stresses the heredofamiliar charav er of this 
condition. 


Schiedamsevest 180 (Dr. Henkes). 
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Ocular Changes in Experimental Hypercholesteremia 


DAVID G. COGAN, M.D., and TOICHIRO KUWABARA, M.D., Bost 


Cholesterol levels of 1% to 2 can be 
easily induced in rabbits by the simple ex- 
pedient of adding cholesterol to their diet. 
Rabbits have little cholesterol in their diets 
normally, and their blood cholesterol levels 
are only 25 to 35 mg. %@ (in contrast to 100 
to 250 mg. % for man). Since they do not 
have an effective mechanism for handling 
excess cholesterol, their metabolic systems 
may be overloaded with relative ease by ad- 
ding sufficient cholesterol to their chow. 
Chickens may also be relatively easily over- 
loaded with cholesterol by simple dietary 
means,’ but animals which normally are 
exposed to considerable cholesterol in their 
food can handle excess cholesterol without 
developing hypercholesteremia unless some 
other factor is added. Thus, dogs may be 
rendered hypercholesteremic only if they 
are made hypothyroid,** which results in a 
decreased for 


capacity elimination — of 


cholesterol. Rats may be made hyper- 
cholesteremic only if they are made hypo- 
thyroid and at the same time fed cholic 
acid.’ The cholic acid facilitates absorption 
of dietary cholesterol. The monkey may be 
made hypercholesteremic only if, in addition 
to the high-cholesterol diet, he is made de- 
ficient in methionine and thereby made to 
lack sufficient phospholipid for mobilizing 
the excess cholesterol.? The rabbit and the 
chicken the favorite 


animals for the study of hypercholesteremia 


remain, therefore, 
because of the simplicity by which it may 
be induced. There is, however, no reason 
to doubt that comparable levels of hyper- 
cholesteremia, once attained, have similar 
effects in all species. 


Submitted for publication May 5, 1958. 

Howe Laboratory of Ophthalmology, Harvard 
University Medical School, Massachusetts Eye and 
Ear Infirmary. 


The prime reason for interest in’ the 
hypercholesteremic rabbit, since first ob- 
served by Saltykow,® Ignatowski,’ Anitsch- 
kow,* and Wacker and Hueck”® is that the 
condition of this experimental animal is 
believed to represent the experimental 
counterpart of atherosclerosis in human be- 
ings. This thesis has been more recently 
developed by Leary’? and by Katz and 
Stamler '! and has been criticized by Duff 
and McMillan and Bruger and Oppen- 
heim.'* The entire subject has also been 
most recently reviewed by Schroepfer." 
It is that 


human beings, in some cases at least, is as 


true hypercholesteremia 
sociated with significantly extensive athero 
sclerosis. It is also true that the vascular 
lesions in rabbits with experimental athero- 
sclerosis are strikingly similar to the native 
atherosclerosis of man. On the other hand, 
there is a great and significant difference 
in that atheromatosis in man is, with the 
that 


hypercholesteremia, not 


exception of occurring familial 


associated with 


generalized xanthomatoses and reticulo- 
endotheliosis, which is a regular feature of 
acute hypercholesteremia in the rabbit. 

One of the prominent sites for the de- 
xanthomata in the 


velopment of these 


hypercholesteremic rabbit the eye. 
Ophthalmologists, therefore, have a special 
interest in hypercholesteremia and possibly 
an opportunity to make a contribution to 
Yet 


descriptions of the hypercholesteremic rabbit 


this potentially important field. few 
eye have been published. Those which have 
been reported in any detail are those of 
Versé (1916 and 1924) Rohrschneider 
(1925),17 Kolen and van Her- 
waarden (1937 ).'" 
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1. Specific Ocular Lesions with 
Experimental Hypercholesteremia 
(Exclusive of the So-Called 
Arcus Corneae) 


Perhaps the most striking findings in ex- 
perimental hypercholesteremia are the fatty 
plaques that occur on the posterior surface 
of the iris. Clinically these appear in albino 
rabbits as yellowish masses halfway between 
the root of the iris and pupillary margin 
(Vig. 1). Beginning as discrete dots, they 
increase in size, eventually coalesce, and 
may form a solid ring of opaque material 
(lig. 2). Histologically they consist of 
masses of sudanophilic lipid and_ bire- 
fringent crystals. They are situated in the 
iris stroma but extend backward to form a 
tumor, projecting into the posterior 
chamber, covered by the iris epithelium 
(lig. 3). They do not correspond to the 
processes which in the rabbit normally come 
off the iris and which are analogous to the 
ciliary processes in man. With sections that 
are passed through organic solvents and 
then stained with various aqueous dyes, 
these masses consist mostly of macrophages 
showing the usual foamy and periodic acid- 
Schiff-positive cytoplasm. 

These iridic masses are obviously similar 
to xanthomata, but we are not aware of 
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Fig. 1—Eye of an al- 
bino rabbit which had 
been on a high-cholesterol 
diet for one year. The 
white plaques are in 
the posterior portion of 
the iris. 


comparable lesions having been described 
in human irides. 

The ciliary body in experimental hyper- 
cholesteremia also shows an abundance of 
sudanophilic lipid and birefringent crystals 
but with a distribution different from that 


Fig. 2—Eye of an albino rabbit which had been 
on a high-cholesterol diet for approximately two 
years. The white plaques have now merged into 
a solid ring and are partially covered by an arcus 
corneae in the lower nasal quadrant. 


Vol. 61, Feb., 1959 


4 
3 
‘ely 


EXPERIMENTAL HYPERCHOLESTEREMIA 


Fig. 3.—Cross section 
of a xanthomatous plaque 
of the iris stained with 
hematoxylin-Sudan IV. 
The lipid can be seen 
abundantly in the iris and 
plaque. In the latter situ- 
ation there are also abun- 
dant sheaths of crystals. 


in the iridic masses (lig. 4). Immediately 
beneath the ciliary epithelium is a row of 
what we have called globular lipid arranged 
in spherules as large as 20, mostly within 
cells. Deep to this is a variable amount of 
fine lipid which we have called granular 
sudanophilia; most of this is extracellular. 
The ciliary processes contain a scattering 
of globular lipid chiefly in association with 
blood vessels and never extensive. 
Overlying the ciliary body and involving 


the deep sclera extensively is a 


great 
abundance of globular sudanophilia and 


Cogan—Kuwabara 


birefringent material. This may be so 
abundant as to thicken the sclera one to two 
times and sometimes presents as an epi- 
scleral tumor. The lipid is characteristically 
defatted 


masses of foam cells similar to those seen 


intracellular, and sections show 


in xanthomata. The choroid shows moderate 
infiltration with similar lipid material and 
with involvement of the overlying sclera, 
but the choroid is perhaps less involved than 


would be expected on the basis of its 
vascularity. 


Fig. 4.—Cross_ section 
through the ciliary body 
stained with hematoxylin- 
Sudan IV. Noteworthy is 
the abundance of globu- 
lar and granular sudano- 
philia, with a row of the 
former situated just be- 
neath the epithelium. 
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The retina and optic nerve show no in- 
filtration with fat, and there is no free fat 
in the subretinal space. 

The corneal changes will be presented 
in the subsequent section in connection with 
arcus corneae, but it may be noteworthy 
that a diffuse sudanophilia is apt to be 
found characteristically just in front of the 
angle meshwork. The significance of this 
is obscure. 

While these changes in the eyes of hyper- 
cholesteremic rabbits are not known to exist 
in human pathology, it must be admitted 
that there is little, if any, information avail- 
able on the ocular changes with such high 
hypercholesteremia in human beings. We 
have, however, had the opportunity to fol- 
low one patient with familial hypercho- 
lesteremia who has had recurrent bilateral 
scleritis for years accompanied by visible 
fat in the peripheral cornea and angle of 
the anterior chamber. 

lor what it is worth, it may also be noted 
that many of the changes in the experi- 
mental rabbit eye simulate those which occur 
with that type of xanthomatosis of the skin 
that is often 
lesteremia. 


associated with hypercho- 
On the other hand, the lesions 
tend to contain more lipid and are less 
densely cellular than is found with the 
lesions of the so-called primary xanthoma- 
toses. 


2. Hypercholesteremic Arcus Corneae 
and Arcus Senilis 

A relationship between the ordinary arcus 
senilis and cholesterol levels in the blood 
was suggested as early as 19117 and has 
been reaffirmed several times since,?! but the 
relationship, if any, is certainly not a 
straight-line function. Yet the fact that pa- 
tients with idiopathic hypercholesteremia 
have a conspicuous arcus (Tig. 5), even at 
an early age, has indicated some sort of 
tie-up.** It is, therefore, not surprising that 
the arcus which hypercholesteremic rabbits 
develop after being on the diet a few months 
has been generally interpreted as the ex- 
perimental counterpart of arcus senilis in 
man ( Versé,'*'® Rohrschneider,’? Kaiser,” 
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Fig. 5.—Arcus senilis in a patient with familial 
hypercholesteremia. These arcuses occurring in 
human beings are not vascularized; they involve the 
full thickness of the cornea, and they are separated 
from the limbus by a relatively clear area. 


and lForsius *4). It is our purpose, however, 
to point out that the arcus in experimental 
hypercholesteremia is similar to arcus senilis 
in superficial respects only. The differences 
so far outweigh the similarities that it is 
improper to analogize the two on the basis 
of our current knowledge. 

On clinical grounds the arcus of hyper- 
cholesteremic rabbits differs from that of 
human beings in that it is situated entirely, 
or nearly entirely, in the superficial cornea; 
there is no sparing of the paralimbal region; 
it is always vascularized, and it contains 
an abundance of what appear to be scintil- 
lating crystals (Tig. 6). 

On pathologic grounds the differences are 
even more striking. The characteristic histo- 
logic findings of arcus senilis in human 
beings are a diffuse sudanophilia of the 
peripheral of 


membranes 


portions jowman’s and 


Descemet’s and granular 
sudanophilia of the limbal portions of the 
entire thickness of the corneal stroma ( lig. 
7). The lipid is entirely extracellular; it is 
not accompanied by any other morphologic 
change in the cornea, and characteristically 
it spares the region in immediate proximity 
to blood vessels. 
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In contrast to this, the arcus of 
does not involve preferentially Bowman's 
membrane (which the rabbit does have, de- 


rabbits 


spite statements to 


Descemet’s 


the contrary) or 

and the stromal 
changes consist primarily of a globular 
intracellular lipid situated in the most 
superficial layers of the cornea, accompanied 
by considerable histiocytosis (Fig. 8). It is 
true, however, that one may also find a dif- 


membrane 


fuse scattering of granular sudanophilia in 
the peripheral cornea similar to that in 
humans, but this is infrequent and is not 
accompanied by sudanophilia of Descemet’s 


Fig. 7.—Arcus_ senilis 
in a human being show- 
ing diffuse and granular 
sudanophilia of the entire 
stroma, with particularly 
intense sudanophilia of 
Jowman’s and Descemet’s 


membranes. 


Cogan—Kuwabara 


Fig. 6—Arcus in a 
rabbit which 
severe hypercholesteremia 
for several months. The 
arcus is characteristically 


has had a 


vascularized, involves 
only the anterior portion 
of the stroma, and is con- 
tinuous with the 


In the present photograph 


limbus. 


it obscures the plaques of 
of the iris. 


membrane, which is the most conspicuous 
the 
other hand, the changes in the corneas of 


manifestation in human beings. 


the hypercholesteremic rabbit are similar 
to those which occur following injection of 
hypercholesieremic serum directly into rab- 
bit corneas. 


3. Site of Xanthomatous Plaques 
and Trauma 
In systemic xanthomatosis of human be- 
ings lipid plaques have been noted to occur 
at sites of trauma both in the skin *° and in 
the eye.*® Injury to the cornea of hyper- 
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Fig. 8.—Arcus in hypercholesteremic a 
rabbit, showing globular sudanophilia Pe 
(intracellular) in the anterior portion bs 


of corneal stroma. 


cholesteremic rabbits has also been found 
to cause a marked increase of the arcus in 
this area.’*?7_ Forms of ‘trauma to the eye 
which we have used are thermal cautery of 
the cornea, diathermy cautery of the sclera, 
and manipulation of a magnetic “flea” which 
had been inserted into the anterior chamber 
according to a technique which has _pre- 
viously been described.** We have also had 
occasion to study the effects on other tissue 
which we have incidentally traumatized, 
The results are clear-cut. Injury results 
in the development of a plaque which has 
the essential characteristics of a xanthoma. 
In the cornea the plaque appears to be asso- 
ciated with abnormal vascularity and will 
occur to some extent if the cornea has been 
vascularized prior to the hypercholesteremia 
but is much more marked if the neovasculo- 
genesis occurs while the animal is hyper- 
cholesteremic.* This is obviously analogous 
to the plaques which occur occasionally in 
human beings, previously called lipidosis 
corneae.2® The plaques in human beings 
develop with remarkable rapidity in areas 
of prior vascularization and are thought to 
coincide with surges of hypercholesteremia 
or hyperlipemia and to be analogous to 
atheromatous plaques in blood vessel walls.*° 
Manipulation of a metallic “flea” in the 
anterior chamber results in a local increase 
in the arcus of the superficial portions of 
the cornea and also, interestingly, an in- 
crease in the xanthomatous plaques in the 


* See Figure 5 in Cogan and Kuwabara.” 
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posterior portion of the iris of the sector 
corresponding to the manipulation. Since 
the “flea” is not in contact with the iris ex- 
cept at the root and does not traumatize the 
iris during manipulation, the appearance of 
the xanthomata in this sector suggests that 
the cause of the plaques is alteration in 
permeability of the vessels rather than a 
direct result of injury. Similar conclusions 
might be drawn from the fact 27 that injury 
to the periphery of the cornea results in a 
local increase in the arcus whereas injury to 
the center of the cornea does not. 

Diathermy to the sclera over the region 
of the equator was done to determine 
whether or not a condition might be induced 
that simulated Coats’ disease. This was 
found not to be the case, but a great in- 
crease in the deposition of lipid in the 
sclera did occur, with the development of 
large white plaques in the ophthalmoscopic 
view. 

Perhaps the most striking illustration of 
xanthoma-like localization with trauma was 
that which was incidentally observed in the 
heart. We had done several cardiac punc- 
tures in different animals to obtain blood. 
The hypercholesteremic animals were found 
at autopsy to have discrete plaques on the 
epicardium and a_yellowish-white streak 
extending therefrom into the ventricle at the 
sites of puncture. These plaques and tracts 
contained masses of sudanophilic lipid and 
birefringent material which on defatted sec- 
tions were seen to be composed chiefly of 
foam cells and macrophages. 
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EXPERIMENTAL HYPERCHOLESTEREMIA 


Comments and Conclusions 


I-xperimental hypercholesteremia results 
in xanthoma-like lesions in the eyes of rab- 
bits. Comparable lesions in human eyes, 
suggested by some clinical observations, 
have as yet been only partially described in 
pathologic specimens. Contrary to the gen- 
eral impression, the arcus of the hyper- 
cholesteremic rabbit appears to be very 
different from arcus senilis of man. On the 
other hand, traumatically induced, xanthom- 
atous plaques in the hypercholesteremic rab- 
bit cornea (and elsewhere) are most 
suggestively similar to lipid plaques occur- 
ring in the cornea of man. 


243 Charles St. (14). 
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Practical Management of Granulomatous 


Chorioretinitis 


LIEUT. COL. JOHN E. EDWARDS (MC), U. S. Army, and CMDR. WAYNE L. ERDBRINK (MC), U. S. N. 


Since the discovery of Toxoplasma in 
lesions of chorioretinitis, its importance as 
a causative agent is being increasingly rec- 
ognized. The criteria for its diagnosis are 
(1) compatible ocular picture, (2) positive 
Feldman-Sabin dye test in a minimum titer 
of 1:64, (3) positive toxoplasmin skin test, 
(4) exclusion of other granulomatous dis- 
ease, and (5) a favorable response to anti- 
toxoplasmic therapy.’ Of these criteria, only 
the performance of the dye test presents 
difficulties for the practicing ophthalmolo- 
gist. The technical difficulties of the test 
enable only a few laboratories to perform 
it in limited quantities, and the results, there- 
fore, are not available to most physicians 
within a few days. By relying on the toxo- 
plasmin skin test, however, a presumptive 
diagnosis can be entertained and early treat- 
ment begun. 

Presented here is a review of consecutive 
cases of granulomatous chorioretinitis seen 
by us from January, 1956, to March, 1958. 
The evaluation complete 
physical exmaination, survey for foci of in- 
fection, x-rays of the chest and paranasal 
sinuses, stool studies, and skin tests 
tuberculosis and toxoplasmosis. 


consisted of a 


for 
Presump- 
tive diagnosis of toxoplasmosis was made 
on the basis of a negative past history and 
physical examination, a strongly positive 
toxoplasmin skin test, negative P. P. D. No. 
1 skin test, and negative x-ray of the chest. 
Tuberculous etiology was presumed with a 
history of tuberculosis or x-ray evidence of 
healed tuberculosis, or a positive P. P. D. 
No. 1 and a negative or slightly positive 
toxoplasmin skin test. Ophthalmoscopic ap- 
pearance of chorioretinitis due to the various 
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causative agents is not sufficiently distine- 
tive to permit differential diagnosis. 

The treatment for presumed toxoplasmic 
etiology in our cases consisted of 50 to 75 
mg. of pyrimethamine (Daraprim, Bur- 
roughs-Wellcome) and 2 to 3 gm. of sulfa- 
diazine per day, in divided doses, for a 
period of three weeks, then 25 mg. of 
pyrimethamine and 1 gm. of sulfadiazine per 
day for three additional weeks. Therapeutic 
response was either an unequivocal diminu- 
tion of the exudation within 7 to 10 days 
or a rapid increase in vitreous debris within 
3 to 7 days, the latter being presumably due 
to breaking up of pseudocysts, resulting in 
this latter 
instance steroids were added to the thera- 


increased tissue reaction.** In 


peutic regimen: cortisone, 300 mg. daily, 
initially, and 100 mg. daily for maintenance, 
or prednisone, 30 mg. daily, initially, and 
20 mg. daily for maintenance; rapid response 
was expected within 7 to 10 days. Lack of 
rapid and unquestionable improvement. in- 
dicated that the presumptive etiologic diag- 
nosis was erroneous, and another regimen 
was tried in accordance with the diagnostic 
work-up. Concomitant steroids were used at 
the outset when the lesion was in the macular 
or paramacular area. 

In the management of tuberculous uveitis, 
our treatment consisted of 0.5 gm. each of 
streptomycin and dihydrostreptomycin twice 
weekly, along with 300 mg. of isoniazid 
daily for a minimum of four months. The 
response in this group was much slower, be- 
coming definite only after four to six weeks 
of therapy. 

Table 1 presents 32 patients treated with 
a presumptive diagnosis of toxoplasmosis. 
It will be noted that the majority were 


= 
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GRANULOMATOUS CHORIORETINITIS 


TABLE 1.—Presumptive Toxoplasmic Etiology 


Toxo- 
Age, Vitreous P.P.D. plasmin Antitoxo, Final Follows 
Case Sex Yr. Vision Ocular Lesion Reaction No. 1 Skin Test Therapy, Wk. Vision Up, Mo. Result 
1 M 21 20/20 + Recurrent, O. 8. Mild Neg. 2+ 6 20/20 16 Excel. 
2 M 32 20/100 New, 0. D. Severe Neg. 2+ 6 20/40 1 Excel. 
3 M36 20/25 + Inflam. ret. det., O. D. Mild Neg. 44 4 20/20 6 Poor 
4 M 20 20/20 +=Recurrent, O. D. Mild Neg. 3+ 6 20/20 1 Excel. 
5 M 25 LP Recurrent, O. D. Severe Neg. 3+ 6 20/20 17 Excel. 
6 M WwW 20/20 +Recurrent, O. D. Moderate Neg. 2+ 6 20/20 2 Excel. 
7 F 31 20/30 + Recurrent, O. 8. Moderate Neg. 3+ 6+steroids 20/20 & Excel. 
8 M 19 8/200 Recurrent, O. D. Mild Neg. 1+ 6 20/200 7 Excel}. 
macular 
9 M 20 20/200 Recurrent, O. D. Moderate Neg. 44 6+ steroids 20/200 3 Excel. 
macular 
10 M 18 20/30 New, 0. D. Mild Neg. 44 6+steroids 20/20 4 Excel. 
il M 20 20/25 + Recurrent, O. D. Mild Neg. 2+ 6 20/20 3 Excel. 
12 M 20 20/20 Recurrent, O. 8. Moderate Neg. 44+ 6+steroids 20/20 1 Exce) 
13 F 22 20/25 + Recurrent, O. D. Mild Neg. 34+ 6 20/20 18 Excel. 
14 M 28 20/80 += Recurrent, O. 8. Severe Neg. 2+ 6 20/20 10 Excel. 
15 M 19 20/30 ~=Recurrent, O. D. Mild Neg. 2+ 4+steroids 20/60 Poor 
16 F 27 20/160 Recurrent, O. D. Mild Neg. 2+ 6+steroids 20/25 10 Excel 
macular 
17 M 22 20/70 + Recurrent, O. D. Mild Neg. 1+ 6+steroids 20/70 6 Poor 
2d cataract 
18 M 30 20/20 Recurrent, O. D. Mild Neg. 34 6 20/20 i Excel. 
19 M~ 35 20/50 New, 0. D. Severe Neg. 2+ 6+steroids 20/30 i] Excel. 
20 M 25 20/80 Recurrent, O. D. Severe Neg. 2 4+steroids 20/20 3 Excel 
21 F 37 20/200 New, O.D. macular Mild Neg. 2+ 24+steroids 20/80 Poor 
22 F 48 20/40 =‘ Recurrent, O. 8. Moderate Neg. 2 6+steroids 20/20 ~ Excel. 
23 F 23 20/80 =Recurrent, O. 8. Moderate Neg. 2+ 6+steroids 20/200) Poor 
G) and cat. 
2 F 34 20/20 +Recurrent, O. D. Moderate Neg. 34 6 20/20 5 Excel. 
25 M 18 2/200 ~=Kecurrent, O. 8. Mild Neg. 2 6 10/200 4 Excel. 
macular 
26 M 26 20/20 ~+Recurrent, O. D. Mild Neg. 2+ 6+steroids 20/20 1 Excel. 
a7 M 19 LP Recurrent, O. D. Severe Neg. 3+ 6+steroids 20/40 3 Excel. 
periphlebitis 
28 F 21 20/60 Periphlebitis, O. 8. Severe Neg. 3+ 4+steroids 20/20 Undet. 
2 M 36 20/50 Recurrent, O. D. Moderate Neg. 3+ 6 20/20 4 Excel, 
30 M 21 20/200 Recurrent, O. D. Mild Neg. 1+ 6+steroids 20, 30 ‘ Excel. 
macular 
31 M 32 20/20 Recurrent, O. D. Mild Neg. 3+ 6 20/20 1 Excel. 
32 M 35 20/30 ~=Recurrent, O. 8. Mild Neg. 2+ 6 20/20 5 Excel. 
33 M 27 20/50 = Kecurrent, O. 8. Severe Neg. 2+ 6+steroids 20/20 2 Excel. 
34 M 32 20/20 ~Recurrent, O. 8. Mild Neg. 1+ 6 20/20 2 Excel. 
35 M 19 20/20 New, 0.8. Mild Neg. 2+ 6 20/20 1 Excel. 
36 M 18 20/20 Recurrent, O. 8. Mild Neg. 34+ 6 20°20 1 Excel. 


recurrent acute inflammatory lesions adja- — satisfactory response within 7 to 10 days, 
cent to old chorioretinal sears. Of the thirty- antituberculous 
two, twenty-six are considered to have had All of these responded well to the latter 
excellent therapeutic results, in that there — therapy. 

was a rapid ophthalmoscopic subsidence of 


treatment substituted. 


Table 3 shows four cases presumed to 
the retinal exudation and of the edema, be due to 


gradual disappearance of the vitreous debris, 
return of visual acuity in peripheral infec- 


tuberculosis. Of these, three 
showed excellent results and one showed no 
significant improvement. 

tions, and progressive pigment deposition. In this series we had only one serious 
The therapeutic response was not propor- hematologic reaction to pyrimethamine and 
tional to the positivity of the skin test. sulfadiazine. This developed when the con 
Table 2 presents four cases which were current systemic steroid therapy was being 
initially treated with a presumptive diagnosis — withdrawn, indicating the masking effect of 
of toxoplasmic etiology, but upon lack of — steroids on toxic bone marrow depression, 
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Vitreous 
Reaction 


Age, 


Yr. Vision Ocular Lesion 


2/2 Recurrent, Moderate 2+ 

O.U. bilateral 
2 M 22 W/25 Recurrent, O. 8. Mild 2+ 
3 F 24 20/70 Reeurrent, O. 8. Severe 2+ 
4 M 23 2/40 Periphlebitis,O. D. Severe 2+ 


The patient responded rapidly to discon- 


tinuance of the drugs and corticotropin 
(ACTH). Minor skin reactions were en- 
countered in three patients, but they re- 
sponded to steroids without discontinuation 
of pyrimethamine. 


Comment 


for 
uveitis is not available to the average oph- 
thalmologist, because the Feldman-Sabin dye 
test and the complement-fixation tests are 
performed by too few laboratories.4 The 
danger of laboratory infections and_ the 
delicateness of these tests make it unlikely 
that they will become readily accessible. 
Furthermore, the advantages of early treat- 
ment and diagnostic tests 
lasting over a few days are definitely handi- 
capping. 

The simplicity, potential availability, and 
rapid results of the toxoplasmin skin test 
recommend it to the ophthalmologist. Al- 
though positive skin tests are found in the 


The complete diagnostic work-up 


are obvious 


normal population, the substantially higher 
proportion of positive tests in patients with 
granulomatous uveitis justifies a therapeutic 
trial.* 


As success or failure of the thera- 


A. 


TaBLe 2.—Erroneous Presumptive Toxoplasmic Etiology 


P. P.D. 
No. 2 


TABLE 3.—Presumptive Tuberculous Etiology 


M. A. ARCHIVES OF OPHTHALMOLOGY 


Toxo- Anti- 

plasmin Antitoxo. tuberce. 

Skin Therapy, Therapy, Final Follow- 

Test Wk. Mo. Vision Up, Mo. Result 


6+steroids 6 20/20 2 Excel. 

0. U. 
3+ 4+steroids 4 20/20 1 Excel. 
2+ 2+steroids 4 20/20 4 Excel. 
3+ 5+steroids 4 20/20 3 Excel. 


peutic trial becomes manifested rapidly, lit- 
tle time need be lost in case of failure, and 
one may try another approach. 

In this series excellent results were ob- 
tained in 81% of the eyes, which, within 
the limitations of brief follow-up in many 
of the cases, appears to justify the reliance 
on the toxoplasmin and tuberculin skin tests. 


Conclusions 


In the practical management of posterior 
granulomatous uveitis, the toxoplasmin and 
P. P. D. skin tests are very valuable diag- 
nostic tools for formulating a presumptive 
etiologic diagnosis. 

In the therapy for presumed toxoplasmo- 
sis, pyrimethamine (Daraprim) and sulfa- 
diazine give excellent results. Systemic 
steroids are valuable adjuncts in the treat- 
ment of toxoplasmic perimacular lesions and 
“hypersensitive reactions.” 

Inadequate response to antitoxoplasmic 
therapy in the presence of positive P. P. D. 
test warrants antituberculous chemotherapy. 

Dr. Leon Jacobs, National Institutes of Health, 


Bethesda, Md., furnished the toxoplasmin and the 
control antigens. 


Tripler U. S. Army Hospital. 


Toxo- Anti- 
plasmin tuberce. 
Age, Vitreous Skin Therapy, Final  Follow- 
Case Sex Yr. Vision Ocular Vision Reaction P.P.D. Test Mo. Vision Up, Mo. Result 


1 M 19 20/30 8. focal choroiditis Mild No. 2, 2+ 1+ 4 20/20 1 Excel, 
2 M 37 20/30 ~— Bilateral periphlebitis Mild No. 2, 4+ Neg. 4 20/20 2 Excel. 
oO. U. 0.U. 
3 40 10/200 Recurrent, O. macular Mild 2+ 4 10/200 2 Excel. 
pt. 
20/20 Recurrent, O. D. Mild = No. 2, 2+ Neg. 8 20/50 - Poor 
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Afterimages and Ocular Muscle Proprioception 


MARTIN J. URIST, M.D., South Haven, Mich. 


Adler stated in his textbook of physiology 
that afterimages arise from photochemical 
processes in the retina and are of peripheral 
origin. He stated, “It cannot be denied that 
central processes may exert inhibitory in- 
fluences on afterimages, but it seems certain 
that they do not take their origin in the 
higher centers.” ! He also stated, “It is still 
being debated how effective proprioceptive 
impulses, coming from the ocular muscles, 
are in determining the position of the eyes 
in the orbit and in relation to one another.”* 

While experimenting with the movement 
of afterimages | noticed certain phenomena 
that could only be explained by the central 
origin of afterimages and the effectiveness 
of ocular muscle proprioception. In_ this 
paper three experiments will be presented 
and discussed. The subjects and observers 
in these experiments were five residents in 
ophthalmology at the Illinois Eye and Ear 
Infirmary, and they all reported the same 
findings, which are given below. 


1. Afterimages Seen with Ocular 
Movements and Head Movements 
The subjects were made to look at a 
vertical light, such as that used in the Biel- 
schowsky afterimage test, with both eyes 
open, for a period sufficient to give a strong 
afterimage. With both eyes open, looking 
at a wall straight ahead, a vertical after- 
image was seen straight ahead. On turning 
the eyes left, right, up, or down the after- 
image was seen to move in the direction of 
the eve movements. 
Next, keeping the eyes stationary in the 
orbit so that they moved with the movement 
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From the Motility Clinic of the Illinois Eye and 
Ear Infirmary, University of Illinois College of 
Medicine, Chicago. 
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of the head, the head was turned to the 
right, left, up, or down, and the afterimage 
was seen to move in the same direction as 
the head was turned. On tilting the head 
to the right or left shoulder, the afterimage 
tilted in the same direction as the head. 
With the eyes closed, repeating the move- 
ments above, that is, moving only the eyes 
and then moving only the head, it was 
noticed that the afterimages moved exactly 
as they did when the eyes were open. 
When a vertical afterimage was induced 
in only one eye, it was seen that the after- 
image again moved in the direction in which 
the eyes or head voluntarily moved. But 
if the eye experiencing the afterimage was 
moved passively, e. g., pushed with a finger, 
no movement of the afterimage occurred 
either with the eyes open or shut. 
Comment.—What are the physiological 
principles that the 
movements of the afterimages with the eye 
and head 


explain synchronous 


movements?’ The accepted ex- 
planation has been that when we look at a 
light, afterimages are formed on the macula 
by local photochemical processes, and, in 
whatever direction the macula looks, the 
afterimages would be projected. This 1s 
well and good for the projection of the 
images with the eyes open, but what about 
the projection with the eyes closed? Cer- 
tainly with the eyes closed the maculae do 
not take part in space orientation. With the 
eyes closed we can only know in what direc- 
tion the eyes or head are turned because of 
the knowledge of the willed movement and 
because of ocular proprioception in eye 
movements and neck muscle proprioception 
in head movements. “It does not depend on 
sensory impulses from the lids and con- 
junctiva, for these can be completely anes- 


> 
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AFTERIMAGES 


thetized without interfering with the senses 
of position of the globe.” * 

The projection of the afterimages then 
would be determined by proprioception of 
the ocular movements. This, however, would 
still not rule out the local retinal formation 
of the afterimages. But, the observation 
that there was no movement of the after- 
image when the eye was moved passively 
was of great significance. Lor, since no 
movement occurred, it would be most un- 
likely for them to be of peripheral retinal 
origin, since one would expect that, if they 
were, any movement of the retina, either 
active or passive, would result in correspond- 
ing movement of the afterimage. The only 
reasonable explanation in the light of these 
facts would be that they are of cerebral 
origin. 


2. Afterimage Findings in Induced 
Nystagmus 


a. Vestibular Nystagmus.—In this ex- 
periment a distinct vertical afterimage was 
induced by looking at a vertical light. The 
subject was seated in the Barany chair with 
the head bent forward slightly to stimulate 
the horizontal semicircular canals. The gaze 
was directed straight ahead, and the after- 
image was seen in the same direction. The 
chair was started suddenly, rotated rapidly 
for a while, and stopped suddenly. The fol- 
lowing phenomena were, noted: When the 
chair was suddenly rotated to the right, the 
eyes deviated to the left. The subject was 
aware of the direction of the deviation with 
the eyes open or shut, and he saw the after- 
image deviate to the left. When the chair 
was suddenly stopped, the eyes deviated to 
the right; the subject was aware of the 
direction of whether the eyes 
were open or closed, and the afterimage was 
seen to the right. 


deviation 


However, when an ob- 
server looked at the subject’s eyes imme- 
diately after the chair was stopped, marked 
horizontal nystagmus was seen of which the 
No_ back-and-forth 
movement of the afterimage was seen (cor- 
responding with the nystagmus ). 


subject was unaware. 


Urist 


b. Opticokinetic Nystagmus.—A _ vertical 
afterimage was induced in both eyes, and 
the subject looked at a rotating drum with 
alternating vertical black and white stripes. 
He stated that he felt his eyes turning 
(which they did) and that he saw the after- 
image in the direction of the rotation of 
the drum. Even though a marked horizontal 
opticokinetic nystagmus was present as seen 
by the observer, at no time was the subject . 
aware of the nystagmus or of a correspond- 
ing oscillation of the afterimage. 
Comment.—In both the chair- and drum- 
rotation experiments the afterimage was 
seen in the direction in which the subject 
He 
was unaware of the nystagmus, and thus 
he did not see a back-and-forth movement 
of the afterimage. 


was aware that his eyes had turned. 


Cases of spontaneous 
nystagmus also are unaware of their ocular 
movement. These findings indicate that the 
projection of afterimages is determined by 
ocular muscle proprioception. As a corol- 
lary to this, the unawareness of — the 
back-and-forth movement of the eyes in 
nystagmus would indicate that there is no 
proprioception present for this condition, 


3. Changes in the Size of the Afterimages 


A round afterimage was induced by look- 
ing at a 60 watt incandescent bulb. The 
subject looked at a wall about 10 ft. away. 
It was noted that an afterimage of a certain 
size was seen. Then the gaze was directed 
at a wall 20 ft. away and the afterimage in- 
creased in size. Finally, when the subject 
looked at a sheet of paper 10 in. from the 
eyes, the afterimage became very small. 
Surprisingly enough, the same phenomenon 
was observed with the eyes closed. This 
was done by the subject keeping his eyes 
closed and imagining that he was converg- 
ing on his finger held 15 in. from his eyes. 
The afterimage was seen to be small. Then, 
with the eyes still closed, imagining he was 
looking out in the distance, he noticed that 
the afterimage became much larger. 

Comment.—How can the change in size 
of the afterimage as one looks at different 
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distances be explained? In ordinary sight, 
an object producing a certain-sized image 
on the retina must become increasingly 
larger the farther away it is from the eyes 
in order to produce the same-sized retina! 
image. This is simple geometrical optics. 
Now if a certain area of the retina is stimu- 
lated or dazzled, as by a local retinal lesion, 
as one looked in the distance one could ex- 
pect the area of dazzle to appear larger. 
The area of dazzle, as measured on the tan- 
gent screen would become proportionately 
larger as the tangent screen was moved 
away. Thus the change in the size of the 
afterimages, if they were of local retinal 
origin, observed for different distances with 
the eyes open would be easy to explain. 

How can the size changes be explained 
when the eyes are shut? They cannot be 
explained by the theory which states that 
afterimages are of retinal origin, since there 
is no retinal space orientation with the eyes 
closed. They can be rationally explained if 
one postulates that (1) afterimages are of 
cerebral origin, and (2) proprioception for 
convergence and divergence of the eyes ex- 
ists. The explanation is as follows: the 
cortex, being the seat of origin of the after- 
image, has developed a conditioned reflex, 
relative to the size of the afterimages and 
based on proprioception. When it receives 
the proprioception impulses for convergence 
(because of past experience that closer ob- 
jects are smaller than distant objects of the 
same image size), it will project a small 
afterimage. When the sensation of diver- 
gence is perceived (through past experience 
that distant objects are larger than closer 
objects of the same image size), a larger 
afterimage will be projected. 

Along the same lines, Chavasse did the 
following experiment with afterimages.* He 
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produced an afterimage in both eyes by gaz- 
ing at a very bright light in the distance. 
He found that with convergence the after- 
image approached and with divergence it 
receded. He felt that this finding was evi- 
dence for the presence of proprioception for 
convergence and divergence. 


Summary 


Evidence for the cerebral origin of after- 
images is presented. 

Ocular proprioception was found for vol- 
untary eye movements and for eye move- 
ments in the direction of the slow component 
in induced nystagmus. With awareness of 
these movements afterimages were correctly 
projected. 

No ocular proprioception was found for 
passive eye movements and for the back- 
and-forth movements of induced nystagmus. 
As a result, with no awareness of move- 
ment, no projection of the afterimages oc- 
curred. 

Ocular proprioception was found for 
divergence and convergence, with the after- 
images becoming smaller in convergence and 
larger in divergence. 


Phoenix St. 
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Vitreous 


A Preliminary Report 


There has been a tremendous amount of 
work done throughout the years on the 
anatomical and physiological structure of the 
vitreous, and a great deal has been done 
toward understanding its metabolic proc- 
esses. It is more difficult, however, to find 
much in the literature on the question of 
whether or not vitreous is a good culture 
medium. In the older textbooks of ophthal- 
mology ! vitreous is considered to be a good 
culture medium, and even the more recent 
textbooks? make this assumption. The 
rapidity with which an intraocular infection 
will spread through the vitreous is usually 
cited as evidence for this point of view. 
With Shafer’s* introduction of human 
vitreous implant as an adjunct to diathermy 
in the treatment of retinal detachment, there 
was an increase of interest in this problem. 
At The Eye Bank for Sight Restoration, 
where a program for the aspiration and 
storage of human vitreous was begun by 
Milo H. Fritz and developed by Shafer, 
vitreous is aspirated from Eye Bank eyes 
in which the cornea is judged unsuitable for 
keratoplasty. For this reason, vitreous as- 
piration is usually accomplished between 48 
and 72 hours after the death of the donor. 
The vitreous is withdrawn with use of 
an aseptic technique* and stored in_ the 
refrigerator at 4 C. It is not cultured at 
the time of aspiration, but it is held until 
needed and cultured at least 48 hours before 
use. The policy is to keep four vials, each 
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containing from 2 
ready for use. 


to 6 cc., cultured and 


The consistently negative results of these 
cultures led Shafer to question the old be- 
lief that vitreous was a good culture medium. 
lurthermore, on the few occasions when 
one or two colonies appeared on the agar 
plate, reculture of the same vial of vitreous 
was invariably negative. 

To test culture medium 
Shafer sterile samples of 
vitreous by stroking a cotton swab through 
a hemolytic Staphlococeus pyogenes var. 
aureus colony and plunging the swab into 
the vial of vitreous. This was refrigerated 
at 4 C and cultured after 48 hours. He 
found that even after contamination the 
vitreous was sterile in 48 hours. Other 
workers began to question this method, and 
at least one group had_ similar findings. 
Reed et al. found that human vitreous had 
self-sterilizing properties. The rate of self- 
sterilization varied with the different. or- 
ganisms and in proportion to the amount 
used in the contamination. The only organ- 
ism of the seven checked in their study that 
was not destroyed in the vitreous was 
Bacillus subtilis. The fact that this was a 
spore-forming bacillus was considered suffi- 
cient explanation as to why the organisms 
could survive. They did not find the same 
“antibacterial property” in dog or rabbit 
vitreous. Colvin® reported that the Bur- 
roughs-Wellcome Laboratories in England 
were unable to find any self-sterilization 
property in horse vitreous. In the light of 
Reed’s work, this could have been due either 
to the amount of bacteria used and the 
comparatively short time lapse before the 


vitreous as a 
contaminated 
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vitreous was recultured or to a difference 
between horse and human vitreous. Suie 
and Sroufe,’ in their preliminary study, 
found no antibacterial in human vitreous. 
In their studies, the contaminated vitreous 
was incubated at 37 C and cultured in 24 
hours. Here again the question of time 
is raised, and the factor of temperature 
is an added consideration. 

All workers do agree in one point: 
Whether the vitreous possesses any self- 
sterilization properties or not, the utmost 
care should be taken for the aseptic aspira- 
tion, storage, and use of vitreous in im- 
plantation. 

This search of the available literature 
still left the question of self-sterilization of 
vitreous with unsatisfactory or contradictory 
answers. With this in mind, the following 
study was undertaken. 


Procedures 

The first problem to be considered was 
the determination of the number of organ- 
isms to be used in the contamination of the 
vitreous.* Of the various acknowledged 
methods, the one chosen was a modified 
serial dilution technique that was used in 
early studies on penicillin sensitivities. A 
pure colony of S. pyogenes var. aureus was 
streaked on blood agar plate and incubated 
at 37.5 C for 24 hours. A fresh colony 
was removed with a loop from this plate 
and placed in 3 cc. of beef broth; the broth 
was incubated at 37.5 C for three hours, 
after which 1 ce. of the contaminated broth 
was withdrawn and placed in a 50 cc. bottle 
of sterile broth. This gave a broth that 
was believed to contain 250,000 organisms 
per cubic centimeter. This was subsequently 
diluted to a strength of 2,500 organisms 
per cubic centimeter, or 250 organisms in 
each 0.1 ce. 

To check the accuracy of these dilutions, 
0.1 ec. of the three-hour seeded broth was 
used in the pour-plate method. The results 
indicated that our dilutions had less than 

*Mrs. B. Fitzpatrick, of the Pathology Labora- 
tory of Manhattan Eye, Ear, and Throat Hospital, 


gave technical assistance. 
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10% error. This was not considered ex- 
cessive or greater than would be found by 
any other counting method. 

Having established the method of esti- 
mating the number of organisms to be used 
in contamination, the next problem was the 
vitreous to be used. Since our aim was to 
test vitreous collected and stored by our 
methods, we used vitreous from the Eye 
sank collection of stored vitreous. For 
comparison, we also used some freshly 
aspirated vitreous which was cultured at the 
time of aspiration. 

In the first series of tests, two vials of 
stored vitreous, two vials of fresh vitreous, 
and two tubes of sterile broth were con- 
taminated with equal amounts of seeded 
broth. One set of stored and fresh vitreous 
and control broth was placed in the refrig- 
erator (4 C), the other, in the incubator 
(37.5 C). After 48 hours each was cultured 
on blood agar, and the plates were read 
after another 48 hours at 37.5 C. 

Later, since there appeared to be no dif- 
ference between the stored and the fresh 
vitreous, the use of fresh vitreous was 
abandoned as unnecessary duplication. 

To rule out the possibility that the seed- 
ing beef broth gave an added nutrient factor 
not found in the vitreous, a number of 
tests were done with 1 cc. of the seeded 
three-hour broth in 50 cc. of isotonic saline, 
taking the same aliquot from this for the 
contamination of the vitreous. In the 48- 
hour period of incubation, the results with 
use of the saline dilutant were the same 
as those obtained when beef broth was used. 


Results 


Table 1 shows the results of the contami 
nation at concentrations of from 500 to 
25,000 organisms in vials containing 2 to 
2.5 ce. of vitreous. Refrigerated specimens 
are compared with the incubated specimens 
and with the control broths. 

Vitreous was from individual eyes and 
was not pooled. We are aware that the 
number of samples in this study may be 
considered small from a. statistical stand- 
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TaBLe 1.—Staphylococcus Pyogenes Var. Aureus 


Organisms, Incubated Incubated Refrigerated Refrigerated 


No. Vitreous Broth Vitreous Broth 
25,000 Growth Growth Growth Growth 
2,500 Growth Growth Growth Growth 
1,500 Growth Growth No growth Growth 
1,500 * Growth Growth No growth Growth 
500 No growth Growth No growth Growth 


* Vials from this series were kept and recultured at regular 
intervals. The refrigerated vitreous continued sterile; the in- 
cubated vitreous was still contaminated after 1 week, but was 
sterile 2 weeks after contamination. The incubated broth showed 
less growth at the end of 2 weeks than the refrigerated broth. 

+t One vial in this series showed light growth after 48 hours. 
Recultured 7 days later, it was sterile. 


point, but the supply of human vitreous is 
limited and the demand is great, and so the 
amount available for use in this study was 
restricted. 

The major portion of this study was done 
with one strain of S. pyogenes var. aureus 
(hemolytic, mannitol-positive) obtained 
from the cul-de-sac of an eye patient. Since 
this organism is so common in the eye, it 
was considered a good one for the series. 
A smaller study was done with the real 
villain to the ophthalmologist and the eye, 
Pseudomonas aeruginosa. These findings 
are recorded in Table 2. Because of the 
rapid spreading nature of growth of this 
organism, we could not determine the num- 
ber of organisms used in the contaminations, 
but we innoculated a fresh broth with a loop 
full of Pseudomonas and incubated it for 
about three hours, or until turbid; 0.2 ce. 
of this suspension was then innoculated into 
the vial of sterile vitreous. 

The difference between the results with 
use of Staphylococcus as a contaminant and 


the results 


when Pseudomonas 


used 
led us to question which bacteria might 


show a growth inhibition in vitreous and 


Was 


TasLe 2.—Pseudomonas Aeruginosa * 


Incubated 
Vitreous 


Incubated 
Broth 


Refrigerated 
Vitreous 


Refrigerated 
Broth 


Growth Growth Growth Growth 


* Massive contaminations by undetermined number of organ 
isms. 
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which might not. Was the fact that Staphy- 
lococcus did not grow in vitreous in the 
lower dilutions owing to a_ bacteriostatic 
effect, or was it due to lack of sufficient 
metabolites 7 

A new series of experiments was initi- 
ated. A 6 mm. plug was removed from a 
blood agar plate; the plate was liberally 
seeded with a given organism, and the well 
was filled with about 0.2 cc. of refrigerated 
sterile vitreous. The plates were checked 
at 24 and 48 hours for growth and_ the 
presence of any zone of inhibition, On some 
of the plates we placed two sterile dises 
impregnated with antibiotics, so that we 
could compare the zones of inhibition. 

There was a definite zone of inhibited 
growth around the pool of vitreous on both 
of the plates seeded with different strains 
of S. pyogenes var. aureus (ligs. 1 and 2). 
The plate seeded with Koch-Weeks bacillus 
(Fig. 3) also showed a large distinct zone 
of inhibition around the vitreous. 
plates seeded with 


The first 
Proteus vulgaris and 
Pseudomonas aeruginosa showed only the 
slightest suggestion of inhibited growth, so 
they were repeated. This time we seeded 
the plates more lightly. The results, a defi- 
nite zone of inhibition on the Proteus plate 


Fig. 1—A large zone of inhibition appears 
around the pool of vitreous on the first plate seeded 
with Staphylococcus pyogenes var. aureus. In sub- 
sequent plates discs impregnated with antibiotics 
were added for comparison. 
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Figure 2 


Fig. 2—Agar plate seeded with Staphylococcus 
aureus. Note zone of inhibition around vitreous 
(1) and the absence of inhibition around discs 
impregnated with polymyxin (2) and tetracycline 
(Achromycin) (3). 


Fig. 4—Agar plate seeded with Proteus vulgaris. 
The largest zone of inhibited growth is around 
the vitreous (1). The neomycin-impregnated disc 
(3) also shows definite inhibition, while the 
polymyxin disc (2) has a much smaller zone. 


Fig. 5—Agar plate seeded with Pseudomonas 
aeruginosa, Small zone of inhibition around the 


Figure 4 
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Figure 3 


Fig. 3.—Agar plate seeded with Koch-Weeks 
bacillus. Zone of inhibited growth around vitreous 
(1) is greater than that around tetracycline 
(Achromycin) disc (3), and there is almost no 
sign of inhibition around the polymyxin disc (2). 


vitreous (1); polymyxin disc (2) also has a 
definite ring, while the neomycin disc (3) has only 
a partial sign of sensitivity. 


Figure 5 


Vol. 61, Feb., 1959 


“4 
2 
2 
| 
gets: 


ANTIBACTERIAL PROPERTIES OF HUMAN VITREOUS 


and a small but clear zone on the Pseudo- 
monas plate, are shown in Figures 4 and 5, 
respectively. These zones of inhibition were 
still present as long as three weeks later. 


Comment 


This study actually raised more questions 
than it answered. It seems safe to say that 
there is some property in aspirated human 
vitreous that is antibacterial to all but one 
of the organisms checked and reported so 
far. It is also apparent from Reed’s work 
that research along these lines with use of 
animal vitreous cannot be assumed to be 
valid for human vitreous. 

In spite of the antibacterial effect noted 
in this study, it is a well-known fact that 
disastrous infections of the vitreous do oc- 
cur. It has been suggested that this is due 
not to the lack of resistance but to an over- 
whelming number of organisms and a slow 
response of the defensive mechanisms. We 
are all familiar, as a parallel situation, with 
septicemia, and we know that this occurs in 
the face of known defensive mechanisms. 
We are also aware of the drug resistance 
of many organisms. Therefore, vitreous 
infections in themselves do not mean that 
no antibacterial quality exists in vitreous. 
The results of this study emphasize the im- 
portance of the identity of the offending 
organism and the quantity of the contamina- 
tion in determining whether or not there 
will be a frank infection. 

The questions raised now are the follow- 
ing: 1. What is the factor in vitreous that 
causes bacterial inhibition or self-steriliza- 
tion of the vitreous? 2. Is this a substance 
that is found in the blood and thus enters 
the vitreous? 3. Is it due to lysozyme or 
some other enzyme that may be present in 
the vitreous? 4. What is the chemical and 
physical nature of this factor? These are 
only a few of the many questions that are 
raised by this study. One of the next steps 
will be the systematic screening of known 


strains of various organisms. Further 
work will have to be more quantitative, and 
the vitreous, both incubated and re- 
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frigerated, should be checked for a longer 
period to see when self-sterilization occurs 
and whether refrigeration plays a significant 
role. 


Summary and Conclusions 


Contamination studies were done with 
human vitreous to determine if it possessed 
any self-sterilizing properties and if the 
method of collecting and storing vitreous 
for surgical use was adequate to insure 
sterility. The vitreous used in these experi- 
ments was from the Eye Bank store of 
vitreous and had been treated identically 
with vials which were to be used surgically. 

The number of organisms used in the 
contamination seemed to be the important 
factor in obtaining self-sterilization within 
48 hours. If fewer than 1500 organisms 
were injected into the vial containing 2 ce. 
of vitreous, the refrigerated vitreous was 
sterile within 48 hours and the incubated 
was not. If 
organisms 


than this number of 
used, neither the re- 
frigerated nor the incubated samples were 
sterile after 48 hours. This would seem to 
be a critical level of contamination, 

Zones of inhibited growth were noted 
around pools of vitreous on blood agar 
plates seeded with Staphylococcus pyogenes 
var. aureus, Koch-Weeks bacillus, Proteus 
vulgaris, and Pseudomonas aeruginosa. On 
all but the Pseudomonas plate the zones of 
inhibition were larger around the vitreous 
than around the antibiotic-impregnated discs 
placed there for comparison. 

Isolation of the factor or factors in 
human vitreous responsible for the in- 
hibited bacterial growth will have to be 
worked out in future biochemical studies. 

The validity of the procedures used at the 
Eye Bank for the aseptic aspiration and 
storage of human vitreous for surgical use 
is confirmed. 


210 FE. 64th St. (21). 
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Metastases of the Retinoblastoma to the Central 
Nervous System 


Advisability of a Combined Intraorbital and Intracranial Removal of the Affected 


Optic Nerve 


ANATOLE DEKABAN, M.D., and GLENN DRAGER, M.D., Bethesda, Md. 


Retinoblastoma is a highly malignant 
neoplasm which originates from the neuro- 
ectodermal elements of the retina. In a pro- 
portion of cases, the tumor is congenital and 
it may be detected during the early months 
of life by clinical means. However, the 
commonest time when definitive diagnosis 
is made is about 2 years of age. The in- 
cidence of retinoblastoma was estimated by 
Weller! as 1 in 34,000 births. The main 
principles of treatment consist of enuclea- 
tion of the eye followed by radiation or 
radiotherapy alone. The true rate of com- 
plete recovery after institution of treatment 
is difficult to assess. In many of the pub- 
lished reports the authors do not follow their 
patients for a sufficient length of time to 
permit comprehensive evaluation. 

We have attempted to review the litera- 
ture published since 1945 of the documented 
cases of retinoblastoma that have been ade- 
quately followed. The criteria for accepting 
the reports required that all patients treated 
were included in the published article and all 
were followed for at least five years. The 
results obtained can be seen in the Table. Of 
the total of 212 patients treated for retino- 
blastoma 93, or 43.8%, were alive five years 
after therapy was instituted. The number 
to survive five years varied with each author 
from 17.6% to 72%. 

The principal purpose of this communica- 


tion is twofold: (1) to demonstrate the 
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Documented Cases of Retinoblastoma 


Alive After 


Cases, No. 5 Yr. 


Martin & Reese ** 

Waldman & Shannon *. 

Reese et. al. ¢.._- 

Fricke et al. 

Stallard ¢*____- 

Stallard quotes 
Windeyer, quoted by Stallard *¢ 
Verhoeff *___ 

Stallard - 
Zimmerman & Ingalls * 


Total 93 (43.8°%) 


* It is possible that certain patients might have been included 
twice in publications of the same authors. 


extensiveness of metastases involving ex- 
clusively the nervous system in our two con- 
secutive patients, and (2) to analyze the 
advisibility of a combined surgical treatment 
of the ocular retinoblastoma, consisting of 
enucleation of the eye and intracranial re 
section of the corresponding optic nerve up 
to the chiasm, 


Report of Cases 


Case 1.—This patient was a boy aged 5 
years 1 month. The family history was 
negative for the presence of retinoblastoma. 
The patient was the second child of young 
and healthy parents. The pregnancy was 
normal and full term. 
spontaneous and easy. 


The delivery was 
The birth weight 
was 7 |b., 7 oz. His early development was 
normal in all respects until 3 months of age, 
when retinoblastoma of the left eye was di- 
agnosed, This eye was enucleated, and ir- 
radiation was administered to both orbits. 
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Fundoscopic examination of the right eye 
at the age of 7 months disclosed the pres- 
ence of a small retinoblastoma and incipient 
glaucoma, Consequently, this eye was also 
removed and more radiotherapy was given. 
This was followed by a severe postradia- 
tion skin reaction over the temporal portals 
of irradiation, At the age of 2% years he 
was given an additional course of radio- 
therapy. The over-all total dose received by 
the patient was slightly over 23,000 r (meas- 
ured in air). 

xcept for vision, the child developed 
satisfactorily in both physical and mental 
spheres. He walked at 15 months and spoke 
in sentences at the age of 3 years. He was 
a pleasant child and showed a great interest 
in music. His general condition was satis- 
factory until he was 4% years old, At this 
time he began to suffer from general ma- 
laise, nausea, and headaches. [Examination 
disclosed an intelligent but irritable child. 
He demonstrated slight trunkal incoordina- 
tion and postural dizziness but no other 
neurological abnormality. Roentgenogram 
of the skull showed incipient separation of 
the sutures and a small area of bony erosion 
at the base of the skull. The cerebrospinal 
uid pressure was increased, although it con- 
tained normal constituents. It was thought 
that the patient most likely suffered from 
intracranial metastases of retinoblastoma. 
Neither an exploratory craniotomy nor ad- 
ditional felt 
particularly in view of the skin condition 
and the large amount of irradiation the pa- 
tient had previously received. The cireum- 


radiotherapy was advisable, 


ference of the skull was measured every 
two weeks, and it was found to be expand- 
ing on the average of about /% in. every 15 
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Fig. 1 (Case 1).—The 
patient six weeks before 
his death. The attitude of 
decerebrate rigidity is evi- 
dent. 


days. The patient continued to vomit and 
have headaches and gradually became bed- 
ridden, Frequent opisthotonic seizures were 
observed. He showed progressive 
weakness and wasting of all extremities of 
lower motor neuron type, as well as signs 
of long tract involvement (lig. 1). Finally 
he died in a state of decerebrate rigidity 
about three months after the onset of the 
terminal illness. 


also 


Postmortem examination revealed bron- 
chopneumonia and general 
There was no evidence of metastases outside 


emaciation. 


Fig. 2 (Case 1).—The chiasm and all cranial 
nerves are surrounded by numerous neoplastic 
nodules. The subarachnoid space over the base of 
the brain and in particular over the cerebellum is 
invaded by the tumor. 


Vol. 61, Feb., 1959 


4 

7 
“4 
"<A a 

‘ 

j 


METASTASES OF RETINOBLASTOMA 


Fig. 3 (Case 1).—The spinal cord and especially 
the cauda equina are enveloped by numerous neo- 
plastic masses. 


of the brain, spinal cord, and base of the 
skull. The brain was large and weighed 
1,710 gm. The optic chiasma and all cranial 
nerves were in extensive metas- 
tases which formed various-sized nodules 
and which also infiltrated the subarachnoid 


space and leptomeninges on the base of the 


involved 


Fig. 5 (Case 1).—Pseudorosette around 
a small area of necrosis 


Dekaban—Drager 


brain from the level of the olfactory trigone 
to the cerebellum (Fig. 2). There was 
some spreading of small tumor nodules 
along the Sylvian fissure, but the convexity 
of the brain was normal. The spinal cord 
was almost completely enveloped by numer- 
ous tumor masses which tended to coalesce, 
particularly in the region of the cauda equina 
(Fig. 3). On transverse sectioning of the 
brain, the ventricular system was found to 
be moderately dilatated and there was a 
large tumor mass in the region of the vein 


Fig. 4 (Case 1)—Coronal section of the brain 
discloses a moderate degree of hydrocephalus which 
resulted from the occlusion of the posterior part 
of the third ventricle by a large tumor mass. 


of Galen. This was composed of hemor- 
rhages of various ages, necrotic areas, and 
neoplastic tissue (Tig. 4). 

Histologically the neoplasm consisted of 
rounded or polygonal cells with scanty cyto- 
plasm. The nuclei were large and_ stained 
deeply with hematoxylin. The center of the 
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Fig. 6 (Case 2).—The optic chiasm and_ all 
cranial nerves are heavily infiltrated sur- 
rounded by the neoplastic tissue. 
large tumor nodules showed areas of necro- 
sis and degeneration. In regions of greater 
viability of the cells, numerous mitotic fig- 
ures were seen. In general, the cells tended 
to be arranged in the form of pseudorosettes 
around necrotic centers (lig. 5). However, 
there were also true rosettes present as well 
as rows of retinoblasts around the blood ves- 


sels. 


At many levels the neoplasm com- 


Fig. 7 (Case 2). 
invaded by tumor cells which spread from the 


periphery to the 


The medulla oblongata is 


center, 
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pletely surrounded the spinal cord and 
extended along the arachnoid septa and 
blood vessels into the nervous parenchyma. 

Case 2.—This child was a girl aged 5 
years 9 months. The family history was 
negative for the presence of retinoblastoma. 
The patient was born at term and developed 
normally until 7 months of age, when 
whitish “spots” were noticed in both pupils. 
After ophthalmologic examination, the diag- 
nosis of bilateral retinoblastoma was made 
and the right eye was enucleated and _radi- 
ation was administered to the left eye with 
apparent improvement. At the age of 3 years 
the patient developed pain in the left orbit, 
and this eye also had to be enucleated to- 
gether with an orbital tumor. Additional 
series of radiotherapy were administered 
during the third, fourth, and fifth years of 
life. The general condition of the patient 
was fair until 5% years of age, when she 
began to complain of pain in the cervical 
all extremities. 
xamination at that time revealed deafness, 
weakness of slurring of 
speech, and a_ generalized weakness. 


region of her spine and in 
facial muscles, 
In 
spite of supplemental cobalt radiation ther- 
apy, her course progressed rapidly downhill 
and she became emaciated and died after 
a bout of hyperthermia. 

Postmortem examination disclosed pyelo- 
nephritis, bronchopneumonia, and multiple 
metastases of retinoblastoma to the brain, 
spinal cord, and along nerve roots but not 
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to other body organs. The brain was sym- 
metrical and weighed 1,190 gm. The convo- 
lutions were flattened, and there was a 
moderate degree of herniation of the cere- 
bellar tonsils along the medulla. The lepto- 
meninges over the convexity were normal, 
but on the base of the brain they were 
heavily infiltrated by neoplastic masses in 
the form of rounded and coalescent nodules. 
The optic chiasm and other cranial nerves 
were extensively involved and transformed 
into large cylindrical masses (lig. 6). The 
subarachnoid space over the orbital portion 
of the brain and the basal part of the cere 
bellum was heavily infiltrated by the neo- 
plasm. Coronal section of the brain did not 
reveal extension of the tumor to the cerebral 
cortex, but the basal portions of the cere- 


bellum were invaded. The spinal cord was 


Fig. & 
almost completely surrounded by neoplastic tissue, 
and about one-half of i 
and destroyed. 


(Case 2).—The thoracic spinal cérd is 


its cross section is invaded 


surrounded by the neoplastic tissue, and nu- 
merous nodules extended along the nerve 
roots into the nervous parenchyma ( bigs. 7 
and &). 

Histological examination disclosed metas- 


tases of neuroblastoma. 


The predominant 
arrangement of the tumor cells was in the 
form of true rosettes or pseudorosettes 
around the blood vessels or necrotic areas 
(lig. 9). However, in the leptomeninges 
or in the places where the neoplasm = in- 
filtrated the nervous tissue, the cell arrange- 
ment was less regular (Fig. 10) and invasion 
was in the form of cords or columns of 
tumor cells. In the center of large nodules, 


areas of necrosis, hemorrhages, and calcium 


Dekaban—Drager 


Fig. 9 (Case 2).—Rosettes, pseudorosettes, and 
mitotic figures 


deposits were present, Mitotic figures were 
seen with moderate frequency. 


Comment 

These two children demonstrate an im 
portant aspect of retinoblastoma. [Following 
satisfactory treatment the patients survived 
for 4 years 10 months and 5 years 2 months, 
respectively. They finally died of metastases 
involving exclusively the central nervous 
system, Since it is known that this neoplasm 
commonly spreads along the neural septa 
and perivascular spaces, it is perhaps natural 
that the idea of intracranial removal of the 

Fig. 10 (Case 2).—Clusters of neoplastic cells 


are seen extending toward the gray matter of the 
spinal cord. 


fe 

8 
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optic nerves up to the chiasma had already 
occurred in 1922, Jean advocated a com- 
bined operation consisting of enucleation of 
the eye and intracranial resection of the 
optic nerve. In 1933 he again emphasized 
the advisability of this approach." In that 
year Dott and Meighan ' reported a patient 
on whom such an operation was first per- 
formed, The child showed no signs of 
recurrence of the tumor two years after 
the operation, but no subsequent follow-up 
was given. Rand" reported another in- 
stance where the combined approach was 
used ; however, in his patient the tumor had 
already spread to the base of the brain at 
the time of operation, and the patient died 
of postoperative complications. Two more 
cases were reported by Ray and McLean, 
who have also outlined the intracranial ap- 
proach in detail. In one child the tumor of 
the right retina was detected at the age of 
7 months. Through a frontotemporal crani- 
otomy the nerve was resected from the optic 
foramen to the chiasma, and 13 days later 
the right eye was enucleated. A similar 
combined operation was used in the second 
case, Unfortunately, no follow-up reports 
are available on these patients. The fifth 
patient with bilateral retinoblastoma who is 
known to have been treated by the combined 
operation was reported by Shannon, Jaeger, 
and Forster.'* Likewise, the final result is 
unknown, 

It seems remarkable that there was no 
attempt made to assess the value of such 
treatment in a larger series of patients with 
a view to longer follow-up studies and com- 
prehensive analysis of the results. It is 
worth while to recall that the total length 
of the optic nerve varies according to the 
age of the child from about 30 to 50 mm. 
Of this, approximately 20 to 30 mm. lie 
intracranially or within the interosseous 
canal, Figure 11 shows a dissected right 
optic nerve in an infant 8 weeks old. 

Reese '® found from histological examina- 
tion of the optic nerves of enucleated eyes 
with retinoblastoma that in 8.5% the tumor 
extended beyond the side where the nerve 


was severed. It has also been pointed out 
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Fig. 
chiasma to the posterior pole of the eye of an &- 


11.—Dissected right optic nerve from the 


week-old infant. 
the metric scale. 


Note its length in relation to 
by Williams ' that the absence of the neo- 
plasm in the severed end of the optic nerve 
of the enucleated eye does not necessarily 
indicate that all of the tumor has been re- 
moved. He states that the extension of the 
tumor in the optic nerve may not be con- 
tinuous but that islands of neoplastic cells 
may be separated by apparently unaffected 
portions of the nerve. 

Unless the lesion is extremely small, the 
retinoblastoma is seldom treated by radia- 
tion alone. Usually surgery is resorted to at 
some time during the course of the tumor. 
The operative procedure consists of enucle- 
ation of the eye or evisceration of the or- 
bital contents. It would appear logical to 
assume that, in addition to enucleation, the 
intracranial excision of an additional 20 to 
30 mm. of the corresponding optic nerve 
should afford a better chance for total re- 
moval of the tumor. The risk imposed by 
the intracranial resection of the optic nerve 
is minimal when the over-all mortality of 
this neoplasm is considered. 


Summary 
Two cases of extensive metastasis of 
retinoblastoma involving exclusively the 


nervous system are described. Both patients 
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had surgical treatment and_ irradiation. 
They survived 4 years 10 months and 5 
years 2 months, respectively. The literature 
is reviewed from 1945 until now concern- 
ing patients with retinoblastoma who had 
been adequately followed for five or more 
years, Of 212 cases it is found that only 
43.8% were alive five years after the treat- 
ment was started. In view of these findings, 
it is believed that a serious consideration 


of the combined operation consisting of in- 


tracranial resection of the optic nerve and 
removal of the affected eye is warranted. 
This approach has been used in_ several 
cases, but, so far, no adequate evaluation of 
such treatment has been made. 


National Institute for Neurological Diseases and 
Blindness, National Institutes of Health (14). 
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The Maddox-Rod Phenomenon 


HARRY EGGERS, M.D., New York 


It is an interesting fact that, although the 
textbooks of refraction and ophthalmic op- 
tics describe the use of the Maddox rod in 
the determination of imbalances of the ex- 
traocular muscles, they fail to explain how 
a cylindrical glass rod can make a light ap- 
pear drawn out into a line perpendicular to 
the axis of the rod, and this despite the fact 
that the explanation is not difficult. 

| have been able to find only two explana- 
tions in the English literature. The earlier 
one is by Fincham.' He limited his explana- 
tion to a much too brief single sentence and 
then failed to his ac- 
companying drawing. A reader might well 
find it impossible to understand Fincham’s 
statement, 


demonstrate it in 


The second, and much longer, 
explanation is by Havener and Olesky.* 
Although photograph 
shows an excellent and correct optical model, 


an accompanying 
their description seems obscured to me by a 
questionable and unnecessary application of 
the interval of Sturm. Therefore, 
with the hope of being more lucid, | shall 
offer one more explanation, 


focal 


The Maddox rod or cylinder has an ex- 
tremely short focal length, anywhere from 
1.5 to 2.5 mm. or more, depending on the 
diameter of the cylinder or half cylinder 
that a particular manufacturer has made. 
In testing for heterophoria, it is worn close 
to the cornea, usually less than the anterior 
focal length of the eye. Light rays from a 
small source (usually first at 20 ft. and then 
at 14 in.) that pass through such a cylinder 
are brought to a focus along a line that runs 
parallel to the axis of the cylinder at about 
the posterior focal length of the cylinder. 

Assume the cylinder to be in the hori- 


zontal position, Those rays that pass 
through it may be thought of as fanning 
out through innumerable vertical planes 
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which start or intersect in an imaginary 
vertical line that passes through the light 
source. In each of these imaginary vertical 
planes which fan out horizontally from the 
light source, the light rays also diverge 
vertically as they approach the cylinder. 
Upon reaching the cylinder the rays are 
very sharply bent to a focus and, continuing 
in their original diverging vertical planes, 
they pass through the posterior focal line. 


7< 


schematic three-dimensional sketch. 


This is a 
The source of light is at S. Assume the Maddox 
rod to be in a horizontal position. The paths of 


only six rays of light are shown, three rays in 
each of two planes which diverge as oblique verti- 
cal planes from the light source. 

In each of these two planes the rays encounter 
the cylinder and undergo strong refraction to pass 
through the posterior focal line FF’. They con- 
tinue in these planes, but they are too sharply 
divergent to permit the eve to focus them through 
its vertical meridians. 

If these rays are regarded from the aspect of 
the oblique horizontal planes in which they lie 
after refraction, the planes which pass through 
and intersect in the focal line FF’ and fan out 
from there, it will be seen that they have under- 
gone no refraction or change of vergence in these 
planes but only a vertical displacement as by a 
series of prisms. Since the divergence from the 
source of light in these obliquely horizontal planes 
is not great, the corresponding meridians of the 
eye can refract the rays horizontally to form a 
point image in each plane or a vertical line from 
the aggregate of innumerable oblique horizontal 
planes. These rays appear to come from a virtual 
line-object, 1’, which passes through the source 
of light, S. 
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However, the vertical divergence of the rays 
through the focal line is so great that the 
dioptric mechanism of the eye (cornea and 
lens) cannot converge them sufficiently to 
form an image on the retina of the focal 
line of the cylinder. However, in the op- 
posite planes—the innumerable oblique hori- 
zontal planes that may be thought of as 
starting or intersecting in the posterior focal 
line of the cylinder—the divergence of the 
light rays is very much less (only that re- 
sulting from the distance of the light source 
from the eye). In these planes, where there 
has been no refraction by the cylinder, the 
eye easily can focus the rays to form a 
vertical line on the retina. This line image 
on the retina then is projected out into space 
as a line that runs vertically through the 
source of light. This is illustrated in the 
accompanying schematic sketch. 

Thus, it is evident that the Maddox-rod 
phenomenon results from the fact that the 
eye is not able to focus the rays that pass 
through the cylinder in the same planes in 
which they have undergone refraction but 
only in the opposite planes in which the 
cylinder has not had any refracting effect 
on the rays. 


Eggers 


Multiple Maddox rods, or their equiva- 


lents, are made in various ways. Some 
manufacturers make a series of rods or half 
rods in parallel, or a series of concave 
grooves in parallel, or they alternate half 
cylinders with grooves. For a strongly con- 
cave refracting surface (instead of a 
strongly convex one), the explanation is es- 
sentially similar. Upon reaching the concave 
surface, the rays are sharply diverged as 
from a virtual focal line in front of the 
cylinder. Again, in the meridians of refrac- 
tion, the divergence of the rays is too great 
for the eye to focus them, but in the oppo- 
site planes, where there has been no refrac- 
tion by the groove, the divergence of the 
light rays is only that which results from 
the distance of the light source from the 
eye, and the focusing mechanism of the eye 
can form an image on the retina, 


30 FE. 40th St. (16). 
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The Fornix Conformer 


A New Device in Reconstruction of the Fornices 


VIRGINIA LUBKIN, M.D., and WENDELL L. HUGHES, M.D., New York 


The fornix conformer was devised about 
four years ago for the smooth reconstruc- 
tion of conjunctival fornices in cases in 
which the presence of a seeing eye precludes 
the use of the standard complete conformer. 
The previous technique of passing two or 
three double-armed sutures through the lid 
obviously was susceptible of improvement. 

The device consists of a narrow crescent 
of methyl methacrylate polymer shaped to 
fit either the upper or the lower fornix. As 
depicted in Figure 1, the conformer was 
cast from a pattern shaped in dental wax. 
Double drilled with a dental 
drill to allow the passage of three pairs of 


holes were 


double-armed sutures from the conjunctival 
side. Sutures were tied over pegs on the 
skin. 

In recent cases, a modification was used 
in positioning peritoneal grafts replacing 
almost the entire conjunctival surface. The 
conformer was cut as a segment of a stand- 
ard plastic orbital conformer, and apertures 
for sutures were drilled transversely instead 
of vertically (Fig. 2). The increased ver- 

Submitted for publication July 28, 1958. 

New York Eye and Ear Infirmary; Assistant 


Plastic Surgeon (Dr. Lubkin) and Consulting 


Plastic Surgeon (Dr. Hughes). 


Fig. 2.—Fornix conformer, Type 2. 


tical width of the device in this type of 
case served to control the free graft more 
effectively than the narrower crescent de- 
scribed above. 

The method of installation of the fornix 
conformer to secure a smooth deep fornix 
is shown in Figure 3. 

41 Park Ave. (16). 
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Fig. 1.—Fornix conformer, lower, Type 1. 
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Cataracts Produced by Dinitrophenol 


An Experimental Study 


R. H. RIGDON, M.D., Galveston, Texas; G. L. FELDMAN, M.S.; T. M. FERGUSON, Ph.D.; 
B. L. REID, Ph.D., and J. R. COUCH, Ph.D., College Station, Texas 


The first report of a cataract developing 
in man after the ingestion of dinitrophenol 
was in 1935.) Six years later Horner? col- 
lected from the literature 177 cases. The 
cataracts occurred approximately 15 months 
after the drug was received. Horner,’ in 
1942, stated, “all attempts to produce experi- 
mental cataracts in laboratory animals by 
various and repeated doses of dinitrophenol 
have been unsuccessful.” Bellows,® in 1944, 
also commented on the fact that ordinary 
laboratory animals do not develop cataracts 
when dinitrophenol is given. Krause ® attrib- 
uted this failure to a difference in the me- 
tabolism of the species. 

Robbins,7°% in 1944, experimentally in- 
duced cataracts for the first time in duck- 
lings and chickens by the oral administration 
of dinitrophenol. He observed a fine gray 
opacity that progressed to involve most of 
the anterior portion of the lens. Upon con- 
tinued feeding the changes in the anterior 
portion of the lens subsided; however, the 
opacities in the posterior portion of the lens 
persisted. Microscopically, vacuolar changes 
first were present in the anterior portion of 
the lens and later greater destruction, with 
cyst-like lesions, occurred in the posterior 
part of the lens. When lower concentrations 
of the drug were fed, either the time of 
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development of the opacities was delayed or 
none occurred. In older chickens the lesion 
in the anterior portion of the lens usually 
healed in 6 to 10 days, leaving neither gross 
nor microscopic changes. 

Settman,® in 1946, induced cataracts with 
dinitrophenol in a special strain of mice. In 
1957, Ogino and Yasukura '” produced cata- 
racts with dinitrophenol in ascorbic acid 
(vitamin C)-deficient guinea pigs. Cataracts 
produced by dinitrophenol now have been 
observed in ducks,? 
guinea pigs,'® and mice® but not rats, rab- 
bits, and dogs.’® Recently we have produced 
cataracts in chick embryos by injecting dini- 
trophenol into the yolk sac.** 

There is considerable discussion as to the 
pathogenesis of dinitrophenol-induced cata- 
racts. Bellows ® has stated that all the dis- 
turbances produced by dinitrophenol are 
attributable to its action in accelerating the 
rate of oxidation. Dinitrophenol leads to an 
acceleration of oxygen consumption, In tis- 
sues where the anaerobic it 
increases the formation of lactic acid.® Ron- 
zoni 


oxidation is 


observed that 
dinitrophenol accelerated the consumption of 
oxygen and the production of lactic acid in 
anaerobic metabolism. Krause ® thought that 
this drug interfered with glycolysis by de- 
ranging the creatine metabolism. Onfray and 
Dreyfus ** suggested that the lens opacities 
may follow liver damage produced by dini 
trophenol. In such cases, the lens first be 
comes dehydrated and then swells. Ogino 
and Yasukura,'® after an extensive study of 
this problem, concluded that the cataracto- 
genic agent in dinitrophenol cataract was 2- 
amino-p-quinonimine. This conclusion seems 
reasonable according to these investigators 


and also 
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because the hydroxyl and nitro radicals of 
dinitrophenol in p-position are essential to 
the production of cataracts. Hessing *° has 
suggested that a genetic predisposition plays 
an important role in the susceptibility to a 
dinitrophenol cataract. 

In view of the increased metabolic rate 
resulting from dinitrophenol and the impli- 
cation that an oxygen deficiency may be a 
factor in the pathogenesis of these cataracts, 
it is of interest to know that Bellows and 
Nelson *® have observed cataracts in anoxic 
rats. These cataracts persisted for from 
three-fourths to one hour and gradually re- 
gressed. Since the lenticular alterations 
were transient, it seemed unlikely that they 
were of an organic nature. Bellows ® sug- 
gested that the change in the lens might be 
physiochemical and similar to those that 
follow cold, osmotic changes, ete. Biozzi ** 
the occurrence of cataracts 
in asphyxiated rats, that disappeared when 
the animals were put into fresh air. 


also observed 


Observations on Chicks Hatched from 
Eggs Obtained from Hens Fed 
Dinitrophenol 


Seven white Leghorn hens, averaging 
1,560 gm. in weight, were given 30 mg. of 
dinitrophenol in a capsule containing 270 
mg. of wheat flour three times each week 
for eight weeks. A capsule containing only 
flour was given as the control to eight hens, 
averaging in weight 1,565 gm. These two 
groups were kept under identical conditions. 
Kggs were collected daily and put into an 
incubator. The lenses of the chicks that 
hatched were observed at intervals for as 
long as one month, 

The dinitrophenol-treated hens laid 193 
eggs during eight weeks of observation, and 
the controls laid 152 eggs during six weeks. 
Incubation of the eggs in the latter group 
was discontinued after the sixth week, since 
fertility was low. Fertility was high in the 
dinitrophenol-treated group. One hundred 
fifty-four chicks were hatched. No lens 
changes were found in either the experi- 
mental or the control group of chicks. 
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The lenses of the seven hens treated with 
dinitrophenol were normal at the completion 
of the experiment. After an interval of sev- 
eral days, these hens were given another 
30 mg. capsule of dinitrophenol. The lenses 
were examined at frequent intervals during 
the following 24 hr., but no opacities de- 
veloped. Eight hens of the same breed and 
weight were given a single capsule contain- 
ing 30 mg. of dinitrophenol. They were 
followed for a corresponding interval to 
determine whether the lenses might have 
become more resistant to the effects of dini- 
trophenol during the eight weeks of treat- 
ment. No opacities occurred. 


Opacities in Lenses of Chickens Given 
Dinitrophenol Orally 

One hundred fourteen chickens of differ- 
ent breeds and varying in age from a few 
days old to adult were used. Some were 
followed for as long as four months. The 
younger chicks were kept in small batteries 
and the older ones in small pens. A stand- 
ard commercial ration, cracked corn, and 
water were available to them at all times. 
The dinitrophenol was thoroughly mixed 
with the feed at a level of 0.2% and kept 
at all times in the food trays. Since the 
older chickens would not eat the food con- 
taining the dinitrophenol, it was mixed with 
wheat flour and put into gelatin capsules for 
oral administration. Each capsule contained 
either 15 or 30 mg. of dinitrophenol and 
either 270 or 285 mg. of flour. The number 
of capsules and the frequency with which 
they were given are recorded in the different 
experiments. The weight of the chickens was , 
obtained at varying intervals. The eyes were — 
examined with use of reflected light and a 
dissecting type of microscope. 

The opacity in the lens that occurred after 
the oral administration of dinitrophenol be- 
gan to develop at the center and progres- 
sively increased until the entire lens was 
involved. The opacity became evident within 
two to four hours following the oral ad- 
ministration of dinitrophenol. The intensity 
of the opacity progressively increased, and 
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Fig. 1 (Chicken 1087).—This 730 gm. bird was 
given 30 mg. of dinitrophenol orally. Photograph 
was made 24 hours later and shows a 3+- opacity. 


within six to eight hours the entire lens had 
reached its maximum change. The lens at 
this time was milky-white (Fig. 1). This 
opacity then progressively decreased, and 
after 48 hours the lens was macroscopically 
normal. Histologic studies were made on the 
lenses of three chickens 4 days of age fed 
dinitrophenol for 18 hours immediately pre- 
ceding the time at which they were killed. 
Macroscopically the lenses were milky-white 
(Fig. 2), but no histologic changes were 
observed (Fig. 3). The lenses from five 
normal chickens of similar age were used 
for control (Fig. 4). A chicken 30 days of 
age developed an opacity while being fed 
dinitrophenol. The food containing dinitro- 
phenol was discontinued, and the opacity 


Rigdon et al. 
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Fig. 2 (Chick C-137).—The lens is milky white. 
This 2-day-old bird was fed a 0.2% concentration 
of dinitrophenol for 18 hours immediately pre- 
ceding the time this photograph was made. 
disappeared. Fourteen days later the eyes 
were removed for histologic study; no le- 
sions were present. 

The production of these opacities is in- 
fluenced by the amount of dinitrophenol 
given per gram of body weight and by the 
age of the bird. The maximum degree of 
lens opacity, 4+, occurred in 19 of 29 chic- 
kens, 7 weeks of age and averaging 569 gm., 
when they were given 30 mg. of dinitro- 
phenol (1 mg/19 gm. of weight). The other 
10 birds in this experiment died from the 
effects of the drug within an interval of six 
hours. 


Fig. 3 (Chick C-137). 
Microscopic of 
? 


section 
lens shown in Figure 
No 


observed 


histological changes 


in this 


hematoxylin 


lens; 
and eosin; 
10% from 


reduced about 


27. 
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Fig. 4 (Chick 140). — 
Lens from a normal chick 
4 days of age; hematoxy- 
lin and eosin; reduced 


about 10% from > 27. 


A second group of four chickens, 10 
weeks of age, averaging 1,055 gm., were 
given 15 mg. of dinitrophenol (1 mg/75 gm. 
of weight), and only one bird showed a 
1+ opacity. Two days later these same 
chickens were given 30 mg. of dinitrophenol 
(1 mg/35 gm. of weight) and one showed 
a 4+ lens opacity; two, a 2+, and one, 
i+, 

A third group of 24 chickens, 13 weeks 
of age, averaging 1,212 gm., was given 30 
mg. of dinitrophenol (1 mg/40 gm. of 
weight) at 4 p. m. on one day, and at 8 
a.m. the following morning 21 of the birds 
had an opacity. There was, however, some 
variation in the degree of cloudiness of the 
lenses, Eight showed a 4+; three, a 3+ ; 
five, a 1+, and three, no change. The de- 
gree of involvement of each lens was 
approximately the same in any one bird. 

In a fourth experiment two chickens, 4 
months of age and averaging 1,500 gm., 
were given 30 mg. of dinitrophenol (1 
mg/50 gm. of weight) at 8 a, m. This dose 
was repeated at 11:30 a. m., and at 4:30 
p.m. One bird showed a 2+ opacity and 
the remained normal. Within a 
period of nine hours these two chickens 
received 90 mg. of dinitrophenol (1 mg/16 
gm. of weight), and only one showed a 
moderate degree of lens opacity. 
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In a fifth experiment seven adult hens, 
averaging 1,565 gm., were given 30 mg. of 
dinitrophenol (1 mg/52 gm. of weight). 
This dose was repeated in three hours. No 
lens opacities occurred. Four of the seven 
hens died within four to six hours after 
the second dose of dinitrophenol was given. 

A second problem in the study of the 
effect of dinitrophenol on the lens of chick- 
ens was to evaluate the effect of multiple 
doses of dinitrophenol when given at vary- 
ing intervals. There would be some varia- 
tion in the weight of the chicks when the 
second and third doses of dinitrophenol 
were given, since the birds continued to 
gain in weight after the first dose of this 
drug. In one of the experiments, seven 
chickens, 7 weeks of age, averaging 543 
gm., were given 30 mg. of dinitrophenol (1 
mg/18 gm. of weight). Each of these 
seven chickens showed the maximum degree 
Four months later the 
same seven chickens, averaging 825 gm., 
were given 30 mg. of dinitrophenol (1 
mg/27 gm. of weight). Only one chicken 
showed a 3+ opacity; two showed a 2+ ; 


of lens opacity. 


one showed a 1+, and three showed no 
change whatsoever in the lens. 

The lethal effect of dinitrophenol, as 
would be expected, varies with the age and 
weight of the bird. One milligram of dini- 
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trophenol given per 20.7 gm. of weight to 
chickens 8 weeks of age and averaging 
623 gm. in weight resulted in the death of 
7 in a group of 14 birds. One milligram 
of the drug given per 28.9 gm. of weight to 
29 chickens 10 weeks of age and averaging 
688 gm. did not produce death in any bird. 
When one milligram of dinitrophenol per 
52.1 gm. of weight was given to seven adult 
hens averaging 1,565 gm. and the dose was 
repeated three hours later, four of the seven 
birds died. Death usually occurred two to 
four hours after the oral administration of 
the larger doses of dinitrophenol. 


Opacities in Turkeys Given 
Dinitrophenol Orally 

Dinitrophenol was given orally to eight 
turkeys, 2 weeks of age and averaging 217 
gm. One of these birds was given a 30 mg. 
capsule of dinitrophenol, and he developed 
a 4+ opacity (Fig. 5) within 8 hours and 
died within 24 hours. A second turkey was 
given a 30 mg. capsule of dinitrophenol, and 
death occurred six and one-half hours later. 
The lenses showed only a 1+ opacity. Six 
turkeys were given a 15 mg. capsule of 
dinitrophenol, and five of these developed 
a 1+ to 3+ opacity. Three of the turkeys 
died within four to eight hours after the 
dinitrophenol was given. One turkey was 
given a 15 mg. capsule of dinitrophenol, 
and 24 hours later the lens showed a 34 
opacity. This 


opacity progressively re- 


Fig. 5 (Turkey A).—This 2-week-old bird (215 
gm.) was given 30 mg. of dinitrophenol orally. 
This photograph was made 24 hours later and 
opacity. 


shows a 44 
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gressed and was completely absent 48 hours 
after the drug was given. 


Degeneration of Lens in Chick Embryos 
Injected with Dinitrophenol 


In a previous study it has been shown 
that dinitrophenol, when injected into the 
yolk sac of developing chick embryos, pro- 
duced degeneration of the lens.** In the 
present study it has been shown that chicks 
one day of age and older, when fed dinitre- 
phenol, develop only opacities in the lens 
which spontaneously regress when the drug 
is discontinued. No histologic changes have 
been observed in the lenses of baby chicks 
fed dinitrophenol. 

The technique used for the production 
of degeneration in the lenses of chick em- 
bryos given dinitrophenol is the same as 
Dinitro- 
phenol (0.5 ml. [500ug.]) was injected di- 
rectly into the yolk sac of embryos 8 to 15 


that used in a previous study." 


days of age. After varying intervals the 
neck of the embryos was severed and the 
entire head of the younger embryos was 
fixed. The eyes were enucleated from the 
older embryos and chickens. An opening 
was made into the posterior half of the 
eyeball before fixation. All eyes were fixed 
in a 4.09% solution of formaldehyde and 
embedded in paraffin, and sections were 
prepared and stained with hematoxylin and 


eosin. Select sections were stained by 
Mallory’s aniline blue technique. 
The percentage of chicks that hatch 


after the injection of dinitrophenol into the 
yolk sac is low, and only a few of those 
have the 
the frequency of this lesion 19 &-day-old 
embryos were killed four days after the 


lesions in lenses. To determine 


injection of dinitrophenol. Twenty-three 
embryos, 13 days of age, were used as 
controls. Histologic sections were made 
from both lenses from the 42 embryos in 
these groups. 


given injections of dinitrophenol showed 


two Five of the embryos 


degeneration in the lens. The degree of 
injury in this group of embryos was much 
less than has been present in some of the 
other dinitrophenol-injected embryos. 
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Fig. 6 (E. 245).—This 
embryo was 8 days of 
age when 0.5 ml. of dini- 
trophenol was _ injected 
into the yolk sac. Eight 
hours later the embryo 
was killed. 
is present; hematoxylin 
amd eosin; reduced about 


10% from 46, 


Degeneration 


Dinitrophenol was injected into the yolk 
sac of a second group of 8-day-old embryos. 
live embryos were killed on the fourth day, 
and only two showed degeneration in the 
lens. live were killed after six days, and 
only one showed degeneration in the lens. 
This experiment was repeated, and 10 em- 
bryos were killed 48 hours after another 
preparation of dinitrophenol was injected 
into a group of 8-day-old embryos. Seven 
of these showed degeneration in the lens. 
Twelve days after the injection of the dini- 
trophenol nine embryos from the same 
group were killed, and six of these showed 
lens degeneration, Usually both of the lenses 
showed similar degrees of degeneration. 
However, only two sections were studied 
from each lens, and a variation in the depth 
of cutting into the different lenses could 


OF OPHTHALMOLOGY 


yariations in the 
same embryo. There is, however, a varia- 


account for some of the 


tion in the amount of degeneration in the 
lens of different embryos from the same 
experiment. 

Embryos were killed at intervals after 
the injection of dinitrophenol in order to 
obtain information referable to the rate of 
progression of the lesion within the lens. 
Such data are not too satisfactory, since 
dinitrophenol does not produce equal dam- 
age in each lens of every chick. It is of 


interest, however, to observe macroscopic 
degeneration in the lens 90 minutes after 
the injection of dinitrophenol into an 8-day- 
old embryo. Histologic evidence of degen- 
eration was present in the lenses of three 
embryos killed eight hours after injection 
(Vig. 6). It would seem that if injury does 


Fig. 7 (E. 247).—This 
embryo was treated with 


the same injection as 


that described in Figure 
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6. Twenty-four hours 
later this embryo was 
killed; hematoxylin and 


eosin; reduced about 10% 
from X 46. 


Vol. 61, Feb., 1959 


4 1 


‘ 
3 
~ 
ah 
: 255 > 


CATARACTS PRODUCED BY 


occur following the injection of dinitro- 
phenol into the yolk sac of developing em- 
bryos, it takes place within a very short 
time. We have nothing in these experi- 
ments to suggest a delay in the reaction in 
the lens. With elapse of time the degenera- 
tion within the lens becomes more marked. 
Figure 6 shows the change in a lens & 
hours after injection of the dinitrophenol ; 
Figure 7 shows the change in the same 
group of embryos after 24 hours, and Fig- 

Fig. 9 (Chick 125).—This embryo was given an 
injection of dinitrophenol into the yolk sac at & 
days of age. A small opaque area was present 


in the lens at the time of hatching. Killed 48 
hours after hatching. 
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Fig. 8 (C-251).—This 
embryo was treated with 
the same = injection as 
that described in Figure 
6. Thirteen later 
this embryo killed. 
Extensive degeneration is 
present in the center of 
the lens; hematoxylin and 
eosin; reduced about 10% 


from X 46. 


days 


ure 8 shows the change 13 days later in one 
group of embryos. In another experiment, 
dinitrophenol was injected similarly into an 
&-day-old Chicken C-125 
hatched. A_ focal opacity was present in 
each lens (big. 9). This chicken was killed 
48 hours later, and the histologic change 
in the lens is shown in Figure 10. 


embryo and 


Comment 


Dinitrophenol, as used in this study, did 
not affect egg production, and the chickens 
that hatched appeared to be normal. Hens 
given 30 mg. of dinitrophenol orally three 
times each week for eight weeks did not 
show any ill effects. Apparently the effect 
of this amount of dinitrophenol is not 
cumulative. Older chickens are 
ceptible to the action of dinitrophenol than 
young birds. Day-old chicks given dinitro- 
phenol in their food in a concentration of 


less sus- 


0.2% develop a lens opacity within 12 to 
18 hours. These opacities spontaneously 
regress within 24-48 hours if the dinitro- 
phenol is discontinued immediately after the 
opacities first develop. A recurrence of the 
opacity occurs in the same chick if dinitro- 
phenol is repeated. Opacities have been 
induced and regression has been observed 
as many as five times in the same chick 
within a period of four months without 
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10 (Chick 125).— 
lens 


Fig 


Same as shown in 


The degenera- 
present in the 
area of the center of the 
Notice the focal 
area immediately beneath 
the anterior capsule; he- 


Figure 9. 
tion 1s 


lens 
matoxylin and eosin; re- 


duced 10% 
«45 


about from 


macroscopic damage to the lens. Robbins 7 
has shown that small amounts of dinitro- 
phenol (0.259%) fed to young chicks over 
a period of four to five hours results in 
degeneration of the lens. Buschke *! has 
observed the spontaneous regression of 
dinitrophenol-induced cataracts in chickens. 

Degeneration of the lens does occur in 
embryos given a single injection of dinitro- 
phenol into the yolk sac. Degeneration was 
present in the lens of one embryo 90 min- 
utes after the injection. Chicks that hatch 
with lens degeneration may develop nor- 
mally; however, some are small and weak 
at the time of hatching. Two chicks with 
a small lens opacity at the time of hatching 
have been under 
months. 


for six 
No change has been observed in 
the lens during this time. These birds are 
to be observed for a longer time. 


observation 


The earliest histologic change observed 
is edema of the crystalline lens. In those 
cases where the degree of injury is minimal, 
the lens fibers may be swollen and_ the 
nuclei show varying degrees of degenera- 
tion, Cystic areas varying widely in size 
were filled with a pink-staining granular 
material. These areas of degeneration ap- 
parently are more likely to develop beneath 
the anterior capsule in the midportion of 
the lens. The most extensive lesion we 
have observed is characterized by liquefica- 
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tion of the greater part of the crystalline 
lens. 


The cells in the anterior portion of 
the lens capsule in focal areas sometimes 
are vacuolated, pyknotic, and desquamated. 

It is of considerable interest to observe 
the variation in the occurrence of lens de- 
generation in a group of embryos given a 
single injection of dinitrophenol. Such 
variations might be related to the rate of 
absorption of the dinitrophenol from the 
yolk sac. Although the injection technique 
was the same, the site of injection into the 
yolk sac may have varied unknowingly. The 
low hatchability of the eggs given injections 
of dinitrophenol may have been influenced 
by the type of incubator used, since the 
percentage also was low for normal eggs. 
Many of the embryos treated on the 8th 
day survived until the 17th to the 21st day 
of incubation. The dinitrophenol-injected 
embryos appeared to hatch more slowly and 
frequently were smaller than normal. 
Several of the chicks given injections of 
one preparation of dinitrophenol were 
ataxic at the time of hatching. A study of 
these will be reported later. 

It is of that the de- 
generation occurring in the lenses of chick 
embryos following the injection of dinitro- 
phenol into the yolk sac is morphologically 
identical with the observed in the 
lens of vitamin E-deficient turkey embryos.*° 


interest to know 


lesion 


Vol. 61, Feb., 


1959 


yor 


Of course, necrosis in any tissue may oceur 
by different mechanisms. However, the 
similarity of the effect of dinitrophenol and 
a deficiency of vitamin E on the lens may 
be significant. The variation in the fre- 
quency with which lens degeneration occurs 
after the injection of a specific amount of 
dinitrophenol into the yolk sac may be re- 
lated to the vitamin FE content of the eggs. 
It may be that more dinitrophenol is neces- 
sary to produce degeneration in the lens 
when there is a larger amount of vitamin FE. 
present. 
Summary 

Chick embryos may hatch with degenera- 
tion of the lens when dinitrophenol is in- 
jected into the yolk sac. One-day-old chicks, 
when given dinitrophenol, develop an opacity 
of the lens that spontaneously regresses 
upon removal of the drug. The mechanism 
by which these changes in the lens are 
brought about is unknown. It is of interest 
to find that the degeneration in the chicken 
lens is similar to that observed in lenses of 
vitamin E-deficient turkey embryos. The 
literature is briefly reviewed on dinitro- 
phenol-induced 
animals. 
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Elements of Human Extraocular Electromyography 


ELWIN MARG, Ph.D.; ARTHUR JAMPOLSKY, M.D., and EDWARD TAMLER, M.D., San Francisco 


from the 
ocular muscles in man is a new technique 
which is providing a greater insight into 
ocular motility and innervation than we 
have had in the past. While the neurophysi- 
ologist considers electromyography a_basi- 
cally simple technique, it is fraught with 
difficulties in both the recording and the 
interpretation of the records for others who 
may not be sophisticated in electrophysi- 
ological methods. It is our goal to present 
the elements of the human electromyography 
of the extraocular muscles. We hope that 
this presentation will aid anyone who wishes 
to take an extraocular electromyogram him- 
self but above all serve as a guide in aiding 
the reader to interpret and evaluate elec- 


The recording of potentials 


Fig. 
trically 
camera at upper left has no direct connection with 
electromyography. 


1.—Subject 
shielded 


supine on 
screen room. 


gurney elec- 
Eye-movement 


Submitted for publication July 14, 1958. 

This research was supported by ONR Contract 
225(20) No. 144 108 and by U.S. P. H. S. Grant 
BO86 

From the Department of Ophthalmology, Di- 
vision of Surgery, Stanford University School of 
Medicine (Drs. Jampolsky and Tamler). School 
of Optometry, University of California, Berkeley, 
Calif. (Dr. Marg). 


106/258 


with jacks for leads from 


Fig. 2.—Headband, 
electrodes, in place on subject’s head, 


tromyograms, 
moner in 


which are becoming com- 
the ophthalmic _ literature. 
Furthermore, this paper will serve as a 
basis for subsequent publications from this 
laboratory. 

Fig. 3.—Instillation of drops. Tetracaine or pro- 
paracaine (Ophthaine) is used for topical an- 
esthesia; methylcellulose, for prevention of corneal 


drying, and, sometimes, epinephrine for vasocon- 
striction, 
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For those who are going over this ground 
for the first time and find the terrain rocky, 
we suggest that the text be overlooked until 
the illustrations and their captions can be 
covered without excess effort. The well- 
trained neurophysiologist, however, will find 
no new electrophysiological principles in 
these pages. For those who wish to read 
more broadly, an extensive selected bibli- 


ography is added. 


Pictorial Presentation of Ocular 
Electromyography 

Some Details of the Extraocular 
Electromyograph 


As in the apparatus which measures other 
bioelectric phenomena, such as the electro- 
encephalograph and the electrocardiograph, 
the electromyograph consists of three basic 
parts: electrode, amplifier, and display. 

The Electrode.—The electrode must be 
placed in the muscle to record individual 
units effectively. This dictates use of a 
needle with an electrically isolated tip. We 
use a concentric electrode (Adrian and 
Bronk, 1929) which consists of a 1 in. 
30-gauge hypodermic needle in which lies 
an insulated Nichrome wire which is elec- 
trically exposed at the tip.* 


* Details on the construction of our electrode, 
block diagrams of the electromyograph and other 
supplementary material to this article have been 
deposited as Document No. 5822 with the ADI 
Auxiliary Publications Project, Photoduplication 
Service, Library of Congress, Washington 25, D. C. 
A copy may be secured by citing the document 
number and by remitting $2.50 for photoprints or 
$1.75 for 35 mm. microfilm. Advance payment is 
required. Make checks for money orders payable to, 
Chief, Photoduplication Service, Library of Con- 
gress. 
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Sy Fig. 4.—Schematic dia- 
gram of the muscle 
electrode, made from a 30- 
gauge hypodermic needle 
with an insulated central 
/ wire down the lumen. 


Fig. 5.—Electrodes sterilized in benzalkonium 
(Zephiran) nitrate. Instruments used are displayed 
in the foreground. 


Fig. 6.—Plain uninsulated needle is inserted in 
earlobe for electrically grounding the subject. 
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Figure 8 


lid speculum is in place. Insertion is guided and 
judged by the audio response heard from the 
loudspeaker. 


Figure 7 


Fig. 7.—The conjunctiva is lifted with a pair Fig. 8.—Experimental and test procedures are 
of fine forceps, and the needle is inserted through recorded through the lapel microphone worn by 
the conjunctiva into the belly of the muscle. A the experimenter. 


Fig. 9.—Stimulus for fixation is guided by a Figure 10 
perimeter or varied through a phorometer. Mirror 
in background allows simultaneous motion picture 
recording of eye movements. 


Fig. 10.—Thorough shielding of all leads from 
the screen room is important. In the upper left 
cable the shielding is obscured by a plastic rubber 
covering. 


Figure 9 
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Fig. 11—Two of a battery of amplifiers which 
make large potentials out of the small ones from 
the muscles. A separate amplifier is required for 
each muscle electrode. The third panel below is a 
battery charger. 


The concentric electrode described is the 
most convenient to use but difficult to fabri- 
cate. Another type, consisting of an in- 
sulated entomological pin (as used by Bjork 
and Kugelberg, 1953) is more troublesome, 
since a second, indifferent electrode must 
be inserted elsewhere about the eye, usually 
in the conjunctiva. It has the disadvantage 
that it is more likely to pick up artifacts 
and is less durable. Its advantages are lower 


Figure 13 
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Fig. 
seen on the cathode-ray oscilloscope. 


12—The amplified muscle potentials are 
In the fore- 
ground is a_ special permanent 


camera for a 
photographic record. 


cost, ease of fabrication, less directional in 
pick-up, and smaller diameter, which reduces 
trauma. 

Shielding.—-Since the potentials which are 
recorded from the extraocular muscles are 
exceedingly small (of the order of 50,v. to 
100uv.), it is necessary in almost all loca- 
tions to provide adequate electrical shield- 
ing. In practice, this means that the subject 
must be enclosed in an electrically shielded 


Fig. 13—A two-channel tape recorder is con- 
venient for recording the experimental procedure 
from the lapel microphone. The second channel 
may be used to record an electromyogram, Marking 
of events can be made on either channel. 

Fig. 14—The complete multichannel electro- 
myograph. Included in this illustration, but not 
previously mentioned, are the electronic switch for 
multichannel display; the pulse generator for mark- 
ing time; two _ direct-coupled amplifiers for 
electro-oculography ; loudspeakers for listening to 
the electromyogram, and various switching and 
coding devices. 


Figure 14 
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Fig. 15.—A, a typical 


electromyogram showing 


reciprocal innervation of 
two pair of opposing 
muscles of the two eyes. 


Individual units are not 


entirely or easily visible 
at this slow film (sweep) 
speed. 8B, high film 
(sweep) speed tracing of - 


a single unit. The shape 
as well as the size and 
number of the individual 
units is seen. An electrode 
with a 10m diameter cen- 
tral wire was used, which 


— 
allows single units to be ~ 


distinguished even during 
maximum contraction. C, 
a typical electromyogram 
at slow film speed, show- 
ing saccadic movements 
of the two eyes. 


room, usually made of bronze or copper 
window screening. The screen room, or 
Faraday cage, is grounded to a good earth 
connection at one point, such as a cold 
water pipe. Without such screening, the 
electrical noise from light switches, fluores- 
cent lamps, electric motors, television and 
radio transmitters, and, above all, diathermy 
machines, which are picked up by the sub- 
ject’s body and the electrodes, may largely 
mask or completely drown out the electro- 
myogram from the extraocular muscles. 
The Amplifier —A shielded cable carries 
the electromyogram to an amplifier that 
makes it large enough to be displayed. The 
amplifier should have a relatively high 
impedance input, that is, of the order of 
100,000 ohms to 10 megohms, and a fre- 
quency response of 2 to 10,000 cps 
(Buchthal, Guld, and Rosenfalck, 1954), 
although ordinarily the lower limit we use is 
40 cps. It should have a balanced (push- 
pull) input and sufficient gain or amplifica- 
tion to give an adequate display. It is 
convenient if the amplifier incorporates a 
voltage calibration device. The noise level 
should be very low, that is, not exceeding 
7uv. from the top to the bottom peak of 
the noise with the input leads shorted to 
ground, There are many such amplifiers 
available. We use a Grass P5 Preamplifier. 
The Display—The electromyogram can 
be displayed in two ways, visually and 
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aurally. The auditory display is provided 
by a loudspeaker from which the electrical 
activity can be readily heard. In fact, it 
is far easier to hear an electromyogram than 
it is to see one, and the placement of 
electrodes is always done under auditory 
guidance. For permanent and quantitative 
records, however, a visual trace is prefer- 
able. Therefore, the amplifier is fed into 
a cathode-ray oscilloscope as well as a 
loudspeaker. At this point, the question may 
arise, “Why can I not use my pen-writing 
electroencephalograph for this work?” The 
answer lies in the speed of response. Pen- 
writing instruments usually cannot respond 
to frequencies greater than 100 cps because 
of their inertia, whereas the electrical activ- 
ity recorded from the eye muscles is in the 
form of spikes which have a duration 
equivalent to about a thousand cycles per 
second. Hence, only relatively crude pat- 
terns of the response can be obtained from 
a pen-writer, and the individual units would 
be largely lost or distorted. 

The cathode-ray oscilloscope may be pho- 
tographed by a camera and, for any useful 
length of record, it is necessary to have a 
camera in which the film travels at a con- 
stant velocity, a feature of the so-called 
oscilloscope record camera. Thus, a signal 
from the muscle moves the oscilloscope 
beam vertically while simultaneously the 
film is traveling across the face of the dis- 
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play tube horizontally, providing a time base 
or sweep. We use a Grass oscilloscope 
record camera which has been modified to 
give a maximum film speed of 2 meters 
per second. 

A cathode-ray oscilloscope is more versa- 
tile if it has two beams or tracings instead 
of one. We use a Tektronix Type 531 
dual-trace oscilloscope, although for some 
types of recording a dual-beam oscilloscope, 
such as made by DuMont, Tektronix and 
“lectronic Tube Corporation, may be pre- 
ferable. 

Generally, in order to provide more than 
two channels, it is necessary to have an 
auxiliary electronic switch which will chop 
the beam into a series of traces. For this 
purpose, we have a Burroughs Beamplexer, 
which can provide as many as 10 channels 
on one oscilloscope display. A separate 
electrode and amplifier is required for each 
recording channel. 

An integrator can make the response 
from a muscle easier to visualize. There 
are several versions of electronic integrators 
which need not be discussed here. Suffice 
it to say that, in general, an integrator 
takes the potentials from the muscle and 
adds them with respect to time. The inte- 
grated trace would soon run off the face of 
the oscilloscope were it not, after a certain 
preset time, returned to baseline. The lower 
trace in Figure 17 is the integrated activity 
of the direct trace above it, the slope indi- 
cating the rate of activity. It is worth 
keeping in mind that noise, blinks, and 
other artifacts are nicely integrated con- 
comitantly with unit activity. This can make 
such an impressive display misleading. 

It is helpful to have a two-channel mag- 
netic tape recorder which can simultane- 
ously record (by means of the lapel 
microphone worn by the experimenter) in- 
formation about the test as it is being 
performed and, at the same time, record 
any given channel of the electromyogram. 
The tape-recorded electromyogram, single 
or multichannel, can be kept as a perma- 
nent record and may be played back at a 
later time through the oscilloscope and pho- 
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tographed at any desired film speed, subject 
of course, to the frequency limitation of the 
tape recorder. A marker indicating the in- 
stant of various stimulus or response events 
can be recorded on either channel. We use 
a common telephone dial, which provides a 
marking code of 1-to 10 pulses as dialed. 

Various miscellaneous stimulus equip- 
ment, such as a perimeter are and a pho- 
rometer, is used, but requires no_ special 
description. 


Unit Activity 


An electrode in a muscle may record 
from a single unit which is recognized by 
its rhythmicity and its relatively constant 
size and shape. This unit is commonly 
thought to be a motor unit, that is, a small 
group of muscle fibers which fire or con- 
tract as a unit because they are innervated 
by the same nerve fiber. However, the size 
of the response of the individual motor 
fibers which summate or give a unit re- 
sponse is largely dependent on the distance 
to the electrode. Therefore, if the individ- 
ual fibers are spread out spatially, some 
fibers will contribute to a large degree to 
the response whereas others will contribute 
little, if at all (Buchthal, Guld, and Rosen- 
falck, 1957; Krnjevic and Miledi, 1958). 
Professor Buchthal and his colleagues have 
recently suggested the term “sub-unit” for 
the group of fibers that are recorded in unit 
activity. It should be stressed that the sub- 
unit concept has been applied to skeletal limb 
muscles and is not necessarily applicable to 
extraocular muscles, where the ratio of 
motor fibers to nerve fibers is very low, 
probably a mean of 7:1. Nevertheless, until 
we know more about the histophysiology of 
the extraocular muscles, it is perhaps better 
to avoid speaking of the recording of motor 
units, since we may be picking up sub-units. 

There is good evidence from skeletal 
muscles of the frog and cat that some 
muscle fibers are multiply innervated (Hunt 
and Kuffler, 1954). As yet there is no 
indication of this polyneuronal innervation 
in oculorotary muscles. 
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Fig. 16.—Recording from a 


10 MSEC 


aralyzed left lateral rectus muscle in extreme right gaze. 


These units are assumed to be fibrillation potentials because they are small, nonrhythmic, and 


not correlated with the position of the eye. 


In fibrillation, small nonrhythmic spike 
potentials are seen some weeks after de- 
nervation. There is direct evidence that 
these spikes are from single muscle fibers 
(Nicholls, 1956; Li, Shy, and Wells, 1957) 
which fire without regard to attempted 
voluntary activity. Potentials from a para- 
lyzed oculorotary muscle are seen in Figure 
16. 

Gradation of muscular contraction is 
accomplished in two ways. First, by a 
change of frequency of the individual motor 
units and, second, by the number of motor 
units active. As a larger number of 
motor units become active, they are said to 
be recruited. In general, both mechanisms 
are increased at the same time. There is 
some evidence of gradation by change of 
the number of active muscle fibers within 
single motor units, but the evidence is not 
yet very clear (Norris and Gasteiger, 
1955). 

When a single unit responds, we have a 
simple pattern as shown at the very begin- 
ning of Figure 17. If more units respond, 
but still the response is not so great that 


Fig. 17.—Upper tracing 
shows the activity of the 
right medial rectus from 
extreme relaxation to ex- 
treme contraction. A 
single unit pattern can 
be seen at the beginning 
of the record which 
blends into a mixed pat- 
tern and ultimately into 
an interference pattern, 
above which some units 
can be distinguished. The 
lower tracing is that of 
the upper tracing after it 
has been put through an 
electronic integrator 


which resets itself (returns to baseline) every half 


the tracing increases as the muscle contracts. 
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the individual units are masked, the picture 
is called a mixed pattern, shown toward the 
middle of the first line in Figure 17. Fi- 
nally, if the response is so great that the 
individual units cover one another so that 
they cannot be individually resolved, the 
result is called an interference pattern, as 
seen in the third line of Figure 17. An 
interference pattern makes it generally im- 
possible to determine the frequency re- 
sponse of single units at maximum degrees 
of contraction without special techniques. 

It is believed that the frequency of some 
of the ocular muscle units reaches values 
as high as 175 spikes per second or more, 
but it is difficult to be certain, partly be- 
cause of the interference pattern (Bjork 
and Kugelberg, 1953; Reid, 1949; Gordon, 
1951; Breinin, 1957) and partly because 
the wave form has not been examined to 
eliminate the possibility of synchrony of 
more than one unit giving an erroneous 
value. 

As implied earlier, the amplitude or volt- 
age of the response is largely dependent 
upon the distance of the electrode from the 


second. Note how the slope of these segments of 
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active fibers. It is also dependent upon 
the size of the fibers, and therefore the 
response in limb muscles is many times 
greater than that of the extraocular muscles. 

At times, instead of the diphasic response 
commonly found in extraocular muscles 
(Fig. 158), there are four or more phases, 
or a polyphasic response. 


They are very 
rare in the extraocular 


muscles and are 
generally considered a sign of recovery 
from denervation, presumably because the 
nerve fibers have regenerated in a fashion 
not favorable for good synchronization of 
the response of the individual muscle fibers. 
In the past, it has generally been considered 
sufficient to identify a single motor unit as 
a train of uniform action potential spikes 
on a relatively smooth baseline. However, 
it is desirable that identification of a single 
motor unit be more complete, that is, not 
only that its frequency and its height be 
identified, but also its wave form. A rela- 
tively fast movement of the film or sweep 
speed is required for display of the wave 
form, as seen in Figure 158. Notice that 
the wave forms are essentially all alike. 
Hence, it is reassuring to examine the wave 
form before assuming that a rhythmic 
series of uniform amplitude spikes arises 
from a single motor unit.7 


+ No direct information can be obtained by the 
usual extracellular myographic technique about 
muscle spindles or intrafusal fibers. The small 
motor nerve system (y-efferents) to the muscle 
spindle is well (Granit, 1955) and 
recently has been exquisitely demonstrated physio- 
logically in the extraocular muscles of the goat 
(Cooper and Daniel, 1957). However, any further 
discussion of this system is outside the scope of 
this paper. 
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appears proportional in all channels. 
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Fig. 18.—Three electrodes in the same medial rectus muscle. Note that the activity appears 
to start in one trace earlier than in the others. When all traces are above threshold, the activity 


Hence the higher threshold units appear to lag behind 
the lower threshold ones but do not in actuality. 


A serious question arises in using electro- 
myography as an indication of the total 
activity of a muscle. Is the response, 
recorded from a_ circumscribed volume 
(probably less than 1 mm, in diameter) 
representative of the activity of the muscle 
as a whole? In general, this seems to be 
true, although where there are units of 
lower threshold they may show activity 
sooner in a contracting muscle than record- 
ings from other areas where higher thresh- 
old units may be found. This is seen in 
ligure 18, where we have multiple inser- 
tions in the same muscle. Upon contraction 
of the muscle, which presumably is con- 
tracting as a whole, there is activity re- 
corded from one electrode before another. 
Hence, minor time differences during fol- 
lowing movements between the recordings 
of different eye muscles can be misleading 
on this basis. Furthermore, the eye move- 
ment cannot be less than about eight degrees 
to demonstrate a perceptible change in the 
electromyogram even with good insertion. 


Ocular Electromyography and Muscle 
Tension 

There is no good direct evidence that the 
electromyogram of the extraocular muscles 
is directly proportional to the muscle ten- 
sion. It has been found in limb muscles 
that there is a direct relationship between 
the integrated electrical activity and the 
tension of muscles in isometric contraction 
(Lippold, 1952; Inman et al., 1952; Big- 
land and Lippold, 1954; Edwards and Lip- 
pold, 1956), but the oculorotary muscles 
ordinarily do not contract without changing 
their length under normal conditions. The 
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common, tacitly accepted, notion that the 
electrical activity of ocular muscles is a 
measure of isotonic muscle contraction is not 
unreasonable but is still merely an assump- 
tion. 

Interpretation of Events 


At a moderate or slow film (sweep) 
speed, a firing of a single unit results in a 
spike. This impulse appears on the baseline 
of the electromyogram, as seen in Figure 
15B. If several units are being recorded, 
they will appear as separate impulses unless 
two or more happen to fire simultaneously. 
In this case, they will summate, or show 
the total of their individual amplitudes. 
It is usually easy to see with fast sweep 
speed that summation has occurred, because 
the summated wave form thus exhibited will 
show tell-tale notches or humps where the 
units have their individual maxima _ or 
minima. Regardless of whether summation 
occurs or not, however, the trace will re- 
turn to the baseline within a 
seconds. 


few milli- 

If the amplifier has a long time constant, 
that is, if it can respond to relatively low 
frequencies, of the order of 1 cps, then 
slow potential changes which may be picked 
up in the electrode will result in a relatively 
slow drift of the baseline. This slow drift 
should not be interpreted as potentials re- 
sulting from firing of individual units. In 
fact, it can be eliminated by turning a 
switch and shortening the time constant of 


the amplifier, or, in other words, reducing 
the low frequency sensitivity. In Figure 19 
are shown a series of simulated “spikes” in 
the form of square waves of 1,000 cps. In 
the upper trace of Figure 19A, we see a 
slow potential drift which is superimposed 
on the square wave spikes. Note that the 
simulated spikes show up as clearly as ever, 
but the baseline is displaced downward 
from the level of the drawn-in dashed line. 
In the lower trace of Figure 19A is the 
same signal which has been sent through 
the usual capacity-coupled amplifier used in 
electromyography. It is obvious that the 
simulated spikes appear as clearly as in the 
original tracing but that the baseline re- 
turns more quickly to the normal level, 
despite the original signal traced above. In 
Figure 19B, the upper trace is the same 
original signal. In the lower trace, the time 
constant is shortened and the slow potential 
drift returns to the baseline much more 
quickly. The time constant may be short- 
ened further to eliminate almost entirely 
these unwanted drifts. An actual slow drift 
can be seen at the beginning of Figure 17 
as a sudden baseline shift. It is over quick- 
ly because of our short time constant. We 
use a lower frequency limit of about 40 cps, 
which makes clearer records without being 


misleading. The sacrifice of these lower 


frequencies in the wave forms of single 
units does not seem to be of significance. 


Fig. 19.—Simulated 
square wave “spikes” at 
1,000 cps with superim- 


posed slow potential dem- 
onstrating the effect of 
the amplifier time con- 
stant (low frequency re- 
sponse) on the recording 
of muscle units. A, upper 
tracing shows square 
wave signal simulating 
muscle spikes with super- 
imposed slow potential 
which slowly returns to- 
ward dashed baseline. 
Lower tracing shows the 


are 
feo 


above signal after it has been put through the usual capacity-resistance coupled (A. C.) amplifier. Note 
that the square wave simulated spikes are seen essentially undistorted whereas the return of the slow 
tential to baseline is faster than in the original signal. B, the same as A, except that a switch has 

1 turned on the amplifier which shortens the time constant (raises the low frequency response.) The 


unwanted slow potential is now largely eliminated. 
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Fig. 20.—The vertical arrows point to the elec- 
trical records of the four recti muscles of the right 
eye during blinks. These artifacts are usually 
seen simultaneously on all channels. 

A thin baseline with adequate amplifica- 
tion is desirable. If the baseline is thick 
or uneven in relation to the units recorded, 
then the equipment or location is noisy or 
else the insertion is poor. It is not a good 
practice to reduce the gain or amplication 
to show a better baseline, because in so 
doing electrical activity of the muscles is 
difficult to see and analyze. 

Often, when the needle is touched by the 
lid one sees movement of the baseline. A 
high-speed recording will show that this 
movement is not characteristic of motor 
unit activity, and it is usually possible to 
make this distinction for blinks at lower 
sweep speed, as is apparent in Figure 20. 

On occasion the electrode moves although 
there is evidence that little or no movement 
occurs. Specifically, a single unit can be 
recorded in a given eye position or degree 
of muscular contraction. After repeated 
excursions of the eye one can return to the 
threshold of this unit in what appears to be 
the same eye position as before. On other 
occasions, in returning the eye to the same 
position one does not find the same unit 
there unless the eye goes beyond this posi- 
tion and returns to it. This can be done 
repeatedly and indicates that if there is 
electrode movement here it must be a reg- 
ular uniform and repeatable one. 

It is obvious that when an eye moves the 
movement is a result of the balanced ocu- 
lorotary muscular contraction. The electri- 
cal unit activity indicates the contraction 
but not the function of the muscle. For 
example, the contraction of an oblique mus- 
cle may be clearly recorded, but the electro- 
myogram itself gives no hint as to the 
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action, be it elevation or depression, abduc- 
tion or adduction, intorsion or extorsion, 


Advantages of Multiple-Channel 
Recording 

It is useful to have available four or more 
channels for the recording of the extraocu- 
lar electromyogram. If a blink should oc- 
cur, it usually registers on all channels, 
which makes it easy to distinguish (Fig. 20). 
In general, distinctive activity by a single 
muscle stands out more clearly from arti- 
facts during multiple recording. 

Instances of coactivity or cocontraction 
can readily be measured by multiple chan- 
nels, whereas a single or even a dual-channel 
apparatus does not give a complete picture. 
Furthermore, binocular function can be 
more directly and readily measured. In 
other words, the interrelations of the four 
or more muscles are directly seen by the 
use of multiple channels. Steadiness and 


maintenance of fixation can thus be readily 
monitored. 


Clinical Value of Ocular 
Electromyography 

Human extraocular electromyography 
an important research tool but is of limited 
clinical value. If there is, at present, a 
practical usefulness of the technique, it lies 
in neuro-ophthalmological 
prognosis. 

The selection of patients must be made 
with care. Generally, children cannot be 
examined and the personality of adults must 
be such that they are willing to undergo 
what to most persons is a somewhat fright- 
ening and not entirely painless procedure. 
Furthermore, elderly patients occasionally 
get subconjunctival hemorrhages that are 
cosmetically distressing. 

Usually, limitation of eye movement by 
paralysis, paresis, or mechanical restriction 
can be diagnosed by clinical means such as 
observation of eye movements and_ the 
forced duction test under 
thesia. Electromyography only confirms 
these findings. Therefore, electromyograms 
are, generally speaking, neither necessary 
nor helpful in usual practical motility prob- 


diagnosis and 


general anes- 
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lems. One cannot distinguish overactivity 
from underactivity, because the amplitude 
of the tracing is largely dependent upon 
the insertion. A moderate or severe paresis 
or paralysis which can be observed on the 
oscilloscope is obvious without the aid of 
electrical techniques. 


Niles Roth, A.B., M.O:, designed and constructed 
the electrodes; William Houweling and Bob 
Markevitch, B.S., M.S., constructed, maintained, 
and operated the electronic gear and designed the 
integrator, and Wilmer Renner did the photog- 
raphy. 

Stanford University Hospital, Clay and Webster 
Sts. (15). 


BIBLIOGRAPHY 


General Electromyography 

Adrian, E. D., and Bronk, D. W.: Discharge of 
Impulses in Motor Nerve Fibers: 2. The 
Frequency of Discharge in Reflex and Volun- 
tary Contraction, J. Physiol. 67 :119-151, 1929. 

Bigland, B., and Lippold, O. C. J.: The Relation 
Between Force, Velocity and Integrated Elec- 
trical Activity in Human Muscles, J. Physiol. 
123 :214-224, 1954. 

Buchthal, F.: The Functional Organization of the 
Motor Unit, read at the First International 
Congress of Neurological Science, Brussels, 
July 21-28, 1957 (a). 

An Introduction to Electromyography, Copen- 
hagen, Scandinavian University Books, Byld- 
enell, 1957 (b). 

——Guld, C., and Rosenfalck, P.: Action Po- 
tential Parameters in Normal Human Muscle 
and Their Dependence on Physical Variables, 
Acta physiol. scandinav. 32 :200-218, 1954. 
—Guld, C., and Rosenfalck, P.: Innervation 
Zone and Propagation Velocity in Human 
Muscle, Acta physiol. scandinay. 39:174-190, 
1955. 

—Guld, C., and Rosenfalck, P.: Multi-Elec- 

trode Study of the Territory of a Motor Unit, 

Acta physiol. scandinav, 39 :83-104, 1957 (a). 
—Guld, C., and Rosenfalck, P.: Volume Con- 
duction of the Spike Potential Investigated 
with a New Type of Multi-Electrode, Acta 
physiol. scandinav. 38 :331-354, 1957 (b). 
—Pinelli, P., and Rosenfalck, P.: Action Po- 
tential Parameters in Normal Human Muscle 
and Their Physiological Determinants, Acta 
scandinav., 32:219-229, 1954. 

——and Rosenfalck, P.: Action Potential Param- 
eters in Different Human Muscles, Acta 
psychiat. et neurol. scandinay. 30:125-131, 1955. 

Edwards, R. G., and Lippold, O. C. J.: The Re- 
lation Between Force and Integrated Activity 


116/268 


psysiol. 


A. 


M. A. ARCHIVES OF OPHTHALMOLOGY 


in Fatigued Muscle, J. Physiol. 132 :677-681, 
1956. 

Granit, R.: Receptors and Sensory Perception, 
New Haven, Conn. Yale University Press, 
1955. 

Hunt, C. C., and Kuffler, S. W.: Motor Innervation 
of Skeletal Muscle: Multiple Innervation of 
Individual Muscle Fibers and Motor Unit 
Function, J. Physiol. 126 :293-303, 1954. 

Inman, V. T.; Ralston, H. J.; Saunders, J. B. deC. 
M.; Feinstein, B., and Wright, E. W., Jr.: 
Relation of Human Electromyogram to Mus- 
cular Tension, Electroencephalog. & Clin. 
Neurophysiol. 4:187-194, 1952. 

Jasper, H., and Ballem, G.: Unipolar Electromyo- 
gram of Normal and Denervated Human 
Muscle, J. Neurophysiol, 12:231-244, 1949. 

Krnjevic, K., and Miledi, R.: Motor Units in the 
Rat Diaphragm, J. Physiol. 140:427-439, 1958. 

Li, C. L.; Shy, G. M., and Wells, J.: Some 
Properties of Mammalian Skeletal Muscle 
Fibers with Particular Reference to Fibrilla- 
tion Potentials, J. Physiol. 135 :522-535, 1957. 

Lippold, O. C. J.: The Relation Between Integrated 
Action Potential in a Human Muscle and Its 
Isometric Contraction, J. Physiol. 117 :492-499, 
1952. 

Nicholls, J. G.: The Electrical Properties of 
Denervated Skeletal Muscle, J. Physiol. 131: 
1-12, 1956, 

Norris, F. H., Jr., and Gasteiger, E. L.: Action 
Potential of Single Motor Unit in Normal 
Muscle, Electroencephalog. & Clin. Neuro- 
physiol. 7:115-126, 1955. 

Ralston, H. J., and Libet, B.: The Question of 
Tonus in Skeletal Muscles, Am. J. Phys. Med. 
32 :85-92, 1953. 

General Clinical Electromyography 

Kugelberg, E.: Clinical Electromyography, Progr. 
Neurol. & Psychiat. 8 :264-282, 1953. 

Licht, S.: Electrodiagnosis and Electromyography, 
Baltimore, Waverley Press, Inc., 1956. 

Marinacci, A. A.: Clinical Electromyography, Los 
Angeles, San Lucas Press, 1955. 

Ocular Electromyography 

Adler, F. H.: Pathologic Physiology of Strabismus, 
A. M. A. Arch. Ophth. 50:19-29, 1953. 

Bjork, A.: Electrical Activity of Human Extra- 
ocular Muscles, Experientia 8 :226-227, 1952. 
The Electromyogram of the Extraocular Muscles 
in Opticokinetic Nystagmus and in Reading, 
Acta ophth. 33 :437-454, 1955. 
Electromyographic Study of Conditions In- 
volving Limited Mobility of the Eye, Chiefly 
due to Neurogenic Paresis, Brit. J. Ophth. 
38 :538-544, 1954 (a). 

Electromyographic Studies on the Coordination 
of Antagonistic Muscles in Cases of Abducens 


Vol. 61, Feb., 1959 


HUMAN EXTRAOCULAR ELECTROMYOGRAPHY 


and Facial Palsy, Brit. J. Ophth. 38:605-615, 
1954 (b). 

and Kugelberg, E.: Motor Unit Activity in 
the Human Extraocular Muscles, EEG & 
Clin. Neurophysiol. 5:271-278, 1953 (a). 

and Kugelberg, E.: The Electrical Activity 
of the Muscles of the Eye and Eyelids in 
Various Positions and During Movement, Elec- 
troencephalog. & Clin. Neurophysiol. 5 :595- 
602, 1953 (b). 

Blodi, F. C., and Van Allen, M. W.: Electromyog- 
raphy of Extraocular Muscles in Fusional 
Movements: I. Electric Phenomena at the 
Breakpoint of Fusion, Am. J. Ophth. 44:136- 
142, 1957. 

Breinin, G. M.: Electromyography—A Tool in 
Ocular and Neurologic Diagnosis: I. Myasthe- 
nia Gravis, A. M. A. Arch. Ophth. 57 :161-164; 
II. Muscle Palsies, 57:165-175, 1957 (a). 

Electromyographic Evidence for Ocular Muscle 
Proprioception in Man, A, M. A. Arch. Ophth. 
57 :176-180, 1957 (b). 

The Position of Rest During Anesthesia and 
Sleep: Electromyographic Observations, <A. 
M. A. Arch. Ophth. 57 :323-326, 1957 (c). 

Quantitation of Extraocular Muscle Innervation, 
A. M. A. Arch. Ophth. 57 :644-650, 1957 (d). 

The Nature of Vergence Revealed by Electro- 
myography: IT. Accommodative and Fusional 
Vergence, A. M. A. Arch. Ophth. 58 :623-631, 
1957 (e). 


- and Moldaver, J.: Electromyography of the 


Human Extraocular Muscles: I. Normal 


Marg et al. 


Kinesiology, Divergence Mechanism, A. M. A. 
Arch. Ophth, 54:200-210, 1955. 

Cooper, S., and Daniel, P. M.: Responses from 
the Stretch Receptors of the Goat’s Extrinsic 
Eye Muscles with an Intact Motor Innervation, 
Quart. J. Exper. Physiol. 42:222-231, 1957. 

Gordon, G.: Observations on the Movement of 
the Eyelid, Brit. J. Ophth. 35 :339-351, 1951. 

Magee, A. J.: Electromyogram of the Extraocular 
Muscles of the Rabbit in Situ: Evidence Con- 
firming Its Source, A. M. A. Arch. Ophth. 
52 :212-220, 1954. 

The Electroretinogram of the Lateral 
Muscles, Am. J. Ophth. 41:275-285, 1956. 
Pulfrich, K.: Aktionsstrome ausserer Augen- 
muskeln (einschliesslich motorischer Einheit- 
en), von Graefes Arch. Ophth. 152 :731-744, 

1952. 

Reid, G.: The Rate of Discharge of the Extra- 
ocular Motoneurons, J. Physiol. 110:217-225, 
1949. 

Techniques 


Rectus 


Dickinson, C. J.: Electrophysiological Technique, 
London, Electronic Engineering, 1950. 

Lion, K. 
The Scope and Limitations of Electronic 
Amplifiers, Brit. J. Physical Med. 15 :90-93, 
1952. 

Whitfield, I. C.: An Introduction to Electronics 
for Physiological Workers, London, The Mac- 
millan Company, 1953. 


Neurophysiological investigations : 


117/269 


: 
| 


An Electromyographic Study of Coactivity of Human 
Extraocular Muscles in Following Movements 


EDWARD TAMLER, M.D.; ELWIN MARG, Ph.D., and ARTHUR JAMPOLSKY, M.D., San Francisco 


Cocontraction is defined as the simultane- 
ous increased contraction of extraocular 
muscles which are normally antagonistic in 
their primary field of action. It has been 
hypothesized that cocontraction occurs when 
the eye moves from its primary position to 
any secondary or tertiary position.’ Accord- 
ing to this hypothesis, as the lateral rectus 
abducts an eye, the vertical recti as well as 
the obliques cocontract to steady the eye in 
its horizontal path. At the same time, the 
cocontraction prevents undue torsion of 
the globe and helps maintain abduction as 
the lateral rectus loses its mechanical ad- 
vantage as the movement progresses. The 
same reasoning would apply to adduction, 
supraduction, and infraduction. It is the 
purpose of this paper to report the results 
of testing this hypothesis by multiple- 
channel electromyography. 

The steadying effect and reinforcement of 
eye movement by cocontraction of auxiliary 
muscles* was postulated as early as 1897 by 
Duane? By constructing muscle planes and 
moments of rotation, Verrijp* shows the 
effect of auxiliary muscles in various move- 
ments. He believes that muscles other than 
the prime mover and its antagonist steady 
the movement and keep the vertical axis 
from torting. Krewson* calculated mathe- 
matically the action of all the extraocular 

Submitted for publication July 14, 1958. 
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prime mover 


muscles in various positions of horizontal 
gaze by a method of vector analysis. Accord- 
ing to this analysis, the vertical recti and 
obliques are in a position to contribute to in- 
ternal and external rotation of the eye by 
cocontracting during horizontal movements. 
This contribution is greater or lesser de- 
pending on the horizontal position of the 
eye at the time of cocontraction. Gordon ® 
cut the vertical recti and found adduction 
diminished in the immediate postoperative 
period. After a number of days, full adduc- 
tion returned, which Gordon interpreted as 
indicating reattachment of the vertical recti, 
so that they again could aid in accomplish- 
ing normal maximum internal rotation. It 
is possible, however, that the return of full 
adduction signified recovery from post op- 
erative reaction. Swan® studied the hori- 
zontal effect of vertically acting muscles 
when both the medial and lateral rectus 
muscles were tenotomized in humans under 
topical cocaine and subconjunctival procaine 
anesthesia. He found that the vertical mus- 
cles had adductive force limited to a few 
degrees when movement was initiated from 
the primary position. One of us (A. J.) 
found that under topical anesthesia only at 
least half the normal amplitude of adduction 
and abduction was still available when the 
medial and lateral rectus muscles and attach- 
ments were cut on the operating table. 
Chamberlain * found in the rhesus monkey 
that the vertical recti and the obliques are 
of very minor importance in horizontal ro- 
tation so long as the primary rotators (hori- 
zontal) are intact. 

Multiple-channel electromyography af- 
fords a more direct method of testing the 
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Fig. 1—Up gaze in sagittal plane of left eye. In all Figures the 7 line is the signal marker, 


the bottom line is the time marker, and calibration is at the left. 


horizontal recti. 


above hypothesis. We can record the elec- 
trical activity of four extraocular muscles 
simultaneously. The details of the technique 
have been previously reported.* Over the 
past two years, the findings in scores of 
patients have been recorded. This paper will 
deal with electrical coactivity in horizontal 
and vertical following movements in the 
plane of the primary position. Although it 
is widely believed that the recorded electrical 


ote no obvious change in 


A. Up gaze. In Figure 1 there is move- 
ment of the left eye straight upward in the 
sagittal plane. There is increasing electrical 
activity of the two vertical movers, the su- 
perior rectus and the inferior oblique, but 
no obvious change in the recording of the 
activity of the lateral and medial rectus 
muscles. 

B. Down gaze. igure 2 is the electromy- 
ogram of a downward movement of the left 


<LMed.R. 


<L.Sup.R. 


=L.Inf.0. 


0 


Fig. 2.—Down gaze in sagittal plane of left eye. 


activity is correlated with muscle contrac- 
tion, we prefer to use the term 

” 
coactivity, 


“electrical 
because this is actually what we 
are measuring. All movements shown were 
approximately 50 degrees in amplitude. Fol- 
lowing movements were stimulated by mov- 
ing a target along a perimeter arc in the 
desired direction. The target was held ap- 
proximately 75 cm. from the eyes. 


Fig. 3.—Right eye moving to left in horizontal plane. 


because of poor insertion. 
oblique. 


No measurable change in horizontal recti. 


eye in the sagittal plane. The superior rectus 
and inferior oblique are progressively inhib- 
ited. The lateral and medial rectus show no 
measurable change. 

C. Adduction. Figure 3 is the multiple- 
channel electromyogram of a right eye mov- 
ing to the left. The first recording is the 
result of a poor insertion in the right lateral 
rectus and should be disregarded. There is 
increasing activity of the right medial rectus 


Right lateral rectus not recording, 


No noticeable change in right superior rectus and right inferior 


=R.MedR. 
=R.Sup.R. 


Inf. O. 
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Fig. 4—Adduction of 
right eye in horizontal 


=+R.Lat.R. 


creased coactivity of ver- 


tical recti. 


Fig. 5.—Abduction of left eye in horizontal plane. No apparent change in left superior 


rectus and left inferior oblique. 


as the eye proceeds nasalward. The right 
superior rectus and the right inferior oblique 
show no noticeable change with adduction. 

The absence of coactivity was a general 
finding. Occasionally the tracings did sug- 
gest possible coactivity. For example, in 
Figure 4 we see a slight increase in activity 
of the superior and inferior rectus muscles 
as the right eye is adducted. The right me- 
dial and lateral rectus muscles are recipro- 
cally innervated as the right eye moves to 
the left. 

D. Abduction. In Figure 5 the left eye is 
turning outward. The left lateral rectus and 
the left medial rectus are reciprocally in- 
nervated. The left superior rectus and the 
left inferior oblique show no apparent 
change in activity during this movement. 


Comment 


lt appears that there is little or no in- 
creased coactivity of auxiliary extraocular 
muscles in adduction, abduction, supra-aduc- 
tion, and infraduction during slow, vertical, 
and horizontal following movements in 
planes through the primary position. This 
does not necessarily mean that they do not 
contribute to the movement. As indicated 
earlier,** the effect of muscle activity on eye 
movement depends upon the position of the 
eye at that moment. Hence, the primary 
position innervational tonus of the auxiliary 
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muscles, which does not apparently change 
during these movements, may indeed con- 
tribute to the movement after the eye has 
gone a certain distance. For example, in 
Figure 5 the left superior rectus, although 
showing no change, may be contributing to 
the abduction of the left eye after the left 
eye has gone outward more than 23 degrees, 
and the left lateral rectus is losing its ab- 
ducting power. Also, the primary position 
tonus may be all that is necessary to steady 
the eye and prevent torsion during the 
movement. In other words, we can only de- 
duce muscle contraction with certainty from 
the electrical activity of a muscle, but not 
necessarily the function of the muscle at that 
moment, 

One can therefore say that normal muscle 
activity as found in the primary position is 
present in the auxiliary muscles during this 
movement but that systematic changes in co- 
activity do not generally occur. We are 
therefore in basic agreement with Breinin’s 
conclusion regarding the same problem.® Ad- 
ler’® found slight increased electrical ac- 
tivity in the lateral rectus in straight up and 
down gaze of an eye, just as we found in the 
vertical recti (Fig. 4). Occasionally, one 
does find barely perceptible changes in the 
traces of the auxiliary muscles during such 
movements. These changes, when visible, 
have no systematic pattern and therefore 
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are not consistent with the cocontraction hy- 
pothesis, which would require systematic 
changes with a given direction of movement. 

Generally speaking, we cannot detect the 
change in electrical activity corresponding 
to a slow movement of an eye of less than 8 
degrees. This could limit our conclusions to 
the sensitivity of this system. However, 
since the changes that are occasionally found 
show no systematic pattern, there appears to 
be no such limitation on our conclusions. 


Summary 


Multichannel electromyography on human 
extraocular muscles demonstrates little or 
no increased coactivity of auxiliary muscles 
during slow vertical and horizontal follow- 
ing movements in planes through the pri- 
mary position. 

Assistance was contributed by electronics 
engineers William Houweling, John Williams, and 
Bob Markewitch. Technical assistance was given 
by Niles Roth, A.B., M.O., 
was by Wilmer Renner. 


and photography 


Stanford University Hospitals, Clay and Webster 
Sts. (15). 
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Infratemporal Subdural Hematoma as a Cause of 


Exophthalmos 


RAYMOND L. PFEIFFER, M.D., New York 


In the voluminous literature on subdural 
hematoma, a characteristic deformity of the 
skull produced by the lesion when located in 
the middle cranial fossa of one side was 
described first by Davidoff and Dyke! and 
later by Bull? Although the deformity 
encroaches on the orbit and reduces its 
capacity and must influence the position of 
the eyeball, exophthalmos was seldom men- 
tioned in the reported clinical histories. It 
is most probable that unilateral exophthal- 
mos of some degree existed in every case. 
Since exophthalmos is frequently an indica- 
tion of a threat to vision, if not to life itself, 
it seems important that this additional cause 
of proptosis receive attention. 


Report of Cases 


Case 1.—A boy with headache, papille- 
dema and right exophthalmos; diagnosis 
made on finding of enlargement of right 
middle cranial fossa; shift of ventricle to 
the left revealed by pneumoence phalogram ; 
evacuation of hematoma through burr hole; 
prompt and lasting recovery. 

A white boy of 12 years (Fig. 1), pre- 
viously in good health, without history of 
birth injury and without significant family 
history, complained of headache which be- 
gan while camping as a Boy Scout. There 
was no history of injury. The headache 
was severe and constant, although it varied 
in degree; it was not localized and was 
accompanied by nausea at times. The visual 
acuity and fields were normal, and there 
was no diplopia. The right eye was promi- 
nent; 2 to 3 mm. of exophthalmos was 
measured, and a slight bulge in the right 
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Fig. 1 (Case 1).—Boy of 12 years showing right 
exophathalmos and slight bulge of right side of 
head. 


temporal area was evident, with asymmetry 
of the vault of the skull. The fundi showed 
2 D. of papilledema with few striate hem- 
orrhages. 

Roentgenograms of skull revealed the 
calvaria to be asymmetric and the right 
middle fossa to be greater in all dimensions 
than the left and to encroach upon the 
adjacent orbit and temporal fossa (Fig. 2). 
The lateral wall of the orbit was indented 
by the expanded fossa, rendering this cavity 
shallow and, in effect, reducing its capacity. 
The superior orbital fissure was larger and 
the sphenoid ridge was sharp and elevated 
above the level of the left (Fig. 3). The 
temporal lines were fairly comparable. The 
optic canals were normal, and the sinuses 
were a bit asymmetric. The right temple 
bulged prominently. The diagnosis of sub- 
dural hematoma of the right middle cranial 


. 
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Fig. 2 (Case 1).—(a) Roentgenogram of base 
of skull showing greatly enlarged right middle 
cranial fossa with encroachment upon the lateral 
wall of the right orbit, reducing the capacity of 
the orbit and accounting for the exophthalmos. (b) 
Linear drawing of roentgenogram to clarify the 
esential features of the film. 


fossa was made, and the patient was di- 
rected to the Neurological Institute. 
Ventriculograms revealed moderate dis- 
placement of the ventricular system to the 
left, slight elevation of the right ventricle, 
and the temporal horn definitely higher than 
the left, suggesting a lesion underneath the 
temporal lobe. An arteriogram showed ele- 
vation of the right middle cerebral artery 


and its branches 


and dislocation of the 


Pfeiffer 


Fig. 3 (Case 1).—(a) Roentgenogram of orbits 
showing the marked asymmetry. Note the sharp 
and elevated sphenoid ridge and larger right 
superior orbital fissure as compared with the left 
and normal orbit. (b) Linear drawing of 
roentgenogram to clarify the essential features of 
the film. 


circle of Willis on this side, indicating mas 
sive lesion in the right middle cranial fossa. 
Electroencephalographic studies were not 
helpful. 

At operation a trephining was made in 
the right inferior parietal area with normal 
findings. Then another opening was made 
in the inferior temporal area, and a typical 
chronic subdural hematoma was found and 
evacuated of 60 to 80 cc. of liquefied blood 
having the color and consistency of “heavy 
machine oil.” The usual sac of a hematoma 
was identified with the inner wall appearing 
unusually thick. After removal of the fluid, 
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which was under pressure at the beginning, 
the sac was irrigated freely and the brain 
was observed to return to its normal posi- 
tion with obliteration of the cavity despite 
the apparent thickness of the inner wall. A 
craniotomy was entertained for a later date 
to remove the sac, but the patient’s course 
was so favorable and the recovery was so 
complete that this has not been necessary. 

At this time, six years later, the patient 
is completing a preparatory course and will 
enter a leading university. His physical 
activity was restricted in the beginning be- 
cause the margin of safety was unknown. 
It appeared as though the acute symptoms 
were the result of a second hemorrhage in 
an old sac as in Davidoff and Dyke’s cases. 
But the absence of relatively fresh blood in 
the sac opposed this view, and the history 
of recent injury was also lacking. lollow- 
up films of the skull taken six years after 
operation failed to show any demonstrable 
difference in the right temporal fossa and 
the right orbit. The exophthalmos remained 
unchanged, 

Case 2.—-A girl with left exophthalmos 
and abducens paralysis due apparently to 
hirth injury; demonstrable enlargement of 


Fig. 4 (Case 2).—Girl aged & showing left 
exophthalmos and left abducens paralysis. 
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left middle cranial fossa; removal of cyst 
(hygroma) resulting from hematoma; re- 
covery. 

A white girl of 8 years (Fig. 4), with 
the complaint of left convergent strabismus 
since birth, was presented for study. De- 
livery was by forceps, with apparent injury 
to the left temporal region as evidenced by 
persistent bulging and prominence of the 
left eye. Attacks of unconsciousness and 
nausea and vomiting occurred during first 
years of life. Examination disclosed paral- 
ysis of the left lateral rectus muscle and 
5 mm, of left exophthalmos. The eye was 
solidly proptosed and was without pulsation 
or bruit. The vision of each eye was normal 
and the left 20/40. The fundus of each 
was also normal. Confrontation fields were 
normal. 

Roentgenograms revealed the calvaria to 
be symmetric and normal. The sella turcica 
measured 8X8 mm. The left middle fossa 
was greater in all dimensions thar the right 
and extended forward to encroach on_ the 
adjacent orbit (Fig. 5). A well-defined 
crescentic deposit of caletum was present in 
the fossa. The lateral wall of the orbit was 
curved and displaced forward, causing this 
cavity to be shallow. The left superior 
orbital fissure was larger, and the sphenoid 
ridge was a bit higher in position. The 
lesser wing appeared thinned. The temporal 
line was well defined, but it was displaced 
slightly lateralward. The optic canals were 
similar in size and shape. All of the para- 
nasal sinuses were fairly comparable. 

The enlarged left temporal fossa, to- 
gether with the crescentic deposit of cal- 
cium, indicated the presence of a subdural 
hematoma of long duration. 

After encephalography an impression 
was recorded as follows: “A large subdural 
cyst communicates freely with the sub- 
arachnoid space. It has elevated the left 
temporal lobe, compressed and probably 
caused atrophy of the left side of the mid- 
brain, and also the left side of the cere- 
bellum. | think it might be large enough to 
produce some migration of the midline to 
the right” (Dr. Childe). 
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Fig. 5 (Case 2).—(a) Roentgenogram of base 


of skull showing greatly enlarged left 
cranial fossa encroaching upon adjacent 
Note the sickle-shaped deposit of calcium. (>) 
Explanatory linear drawing of roentgenogram. 
The calcium deposit is indicated by the letter 4 


orbit. 


A left temporal craniotomy per- 
formed by Dr. Wilder Penfield, and a cyst 
filled with yellowish fluid, occupying the 
entire fossa and elevating the temporal lobe 
of the brain, was found. The cyst was lined 
with a thick membrane which appeared to 
be much like dura, “A large portion of this 
was removed to permit the temporal lobe to 
pass down into the fossa without being 
trapped.” 

Dr. Penfield’s final note was as follows: 
“This is a case of subdural cyst, which | 
suppose must be the end result of a sub- 
dural hematoma, that has become so well 
encapsulated that the covering resembled the 
dura itself. The fluid is clear and yellow. 


Pfeiffer 


middle 


There was practically no remnant of an old 
clot. By continuous pressure within this 
cyst, the structures of the orbit must have 
been subjected to increased pressure from 
behind. | can see no reason why the pro- 
trusion of the eye should not subside com- 
pletely. Hemorrhage of this sort might 
explain the history of paralysis, the history 
of sudden loss of consciousness and paral- 
ysis of cranial nerves in infancy.” 

This case is similar to the first in that 
a cyst or hygroma, which no doubt followed 
an early hemorrhage, was found. A dense 
shell of calcium was found by x-ray in the 
wall of the sac and suggested a longer dura- 
tion. It seems probable that the failure to 
remove this shell accounts for the failure 
of the temporal lobe to reoceupy the tem- 
poral fossa after evacuation of the cyst. 

Case 3.—A boy of 14 was struck on the 
head by a baseball and developed symptoms 
of increased intracranial pressure 10 weeks 
later. Roentgenography revealed enlarge- 
ment of left middle cranial fossa, and the 
arteriograms showed findings suggestive of 
a subtemporal subdural hematoma. At op- 
eration trephinings were made and the diag- 
nosis was verified. Postoperative bleeding 


Fig. 6 (Case 3).—Roentgenogram of orbits 
showing the asymmetry. The left sphenoid ridge 
is elevated; the lateral wall is greater in size in 
both dimensions, and the temporal line is less well 
detined. In the basal film the greatly increased 
capacity of the left middle cranial fossa was 


evident. 
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occurred, and a second operation was per- 
formed, Complete recovery followed the 
craniotomy, and there has been no recur- 
rence after six years. 

No history of previous injury could be 
elicited on careful search. Typical deform- 
ity of skull marked by enlarged middle 
cranial fossa and elevated sphenoid ridge 
was found 10 weeks after the verified in- 
jury. The left orbit was encroached upon 
by the enlarged fossa, and only 1 mm. of 
left exophthalmos could be measured. 
After six years the exophthalmos and the 
deformity of the skull seen by x-ray remain 
unchanged. The boy is well and is pursuing 
a college course. 

Case 4.-A white boy of 6 fell, striking 
his head, and soon after experienced head- 
ache, nausea and vomiting, and drowsiness. 
Six weeks later he had diplopia due to left 
abducens paralysis. Papilledema with hem- 
orrhages developed. X-ray showed slight 
enlargement of the left middle cranial fossa, 
and the ventriculograms revealed a shift of 
the ventricular system to the right. Two 
millimeters of left exophthalmos was meas- 
ured, 

At operation a trephining was made in 
the left parietal area and more than 100 ce. 
of a brownish fluid was released through 
an incision in a bluish membrane. The 
diplopia and papilledema disappeared in a 
few days, and all symptoms were absent on 
discharge from hospital two weeks later. 
Three years later the exophthalmos was 
unchanged. 

In this case a demonstrable enlargement 
of the left middle cranial fossa was evident 
in the x-ray films 2 months after injury. 


Comment 


Subdural 


hematoma may be found in 


patients of any age. It is not to be ex- 
pected, however, that exophthalmos can ap- 
pear as a sign of the lesion in any except 
those which might occur in the early and 
formative years when the skull is malleable 
and when the hematoma is subtemporal in 
position. It is to these cases that this dis- 
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cussion is confined. Injury of sufficient de- 
gree to rupture vessels would seem to be 
essential to all cases, but this is not borne 
out in the literature. All four cases of 
Davidoff and Dyke had second injuries, 
thus their title of “relapsing juvenile chron- 
ic subdural hematoma.” Four of the nine 
cases of Bull which showed characteristic 
deformities of the skull in regular films 
gave history of injury. Recurrent injury 
was not mentioned in any of these. No 
history of injury could be obtained in our 
first case. Peet and Kahn * believed malnu- 
trition could be a contributing cause of 
subdural hematoma. Doehle* considered 
that syphilis, rickets, diphtheria, and vari- 
ous chronic and debilitating diseases may 
play a role. Hugenin® attributed cases to 
hemorrhagic diseases, namely, pernicious 
anemia, scurvy, and purpura. Chronic alco- 
holism is not an uncommon cause of vascu- 
lar pachymeningitis of Virchow,® which, 
according to Putnam,’ is closely related to 
hematoma, but this can scarcely be consid- 
In Kunkel and 
Dandy’s * series of 48 cases of subdural 
hematoma of any location, a definite history 
of injury was obtained in 65%. Most of 
these occurred as a result of falls and auto- 
mobile accidents. 


ered in our young cases. 


Acute lesions with fresh 
subdural clots were not included by Dandy, 
and all cases of fracture of the skull were 
also excluded. 

Symptoms.—The symptoms of subdural 
hematoma are those of increased intracra- 
nial pressure, the commonest of which are 
headache, drowsiness, nausea and vomiting, 
and vertigo. Convulsions, visual loss, and 


diplopia are not uncommon. Localizing 


signs are seldom encountered. Papilledema 
was found in 53% of Dandy’s series of 48 
cases. Optic atrophy was rarely found. 
Thus, from these symptoms it can be seen 


that subdural hematoma can scarcely be 
differentiated 
tumor. 


clinically from intracranial 
If, however, these symptoms are 
associated with asymmetry of the skull and 
unilateral exophthalmos, hematoma should 


be considered, 
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Development of Symptoms.—Develop- 
ment may be concomitant with the injury 
or may be delayed for months or years. 
Putnam mentions Thibert, who described a 
probable case in which the symptoms were 
delayed nine years after the trauma. Ac- 
cording to Schuberg, similar cases with 
longer or shorter intervals have appeared in 
almost every comprehensive article on the 
subject. Kasemeyer established beyond a 
doubt the fact of the not infrequent occur- 
rence of cases with late onset of symptoms. 
The medicolegal importance of this is ap- 
parent. Such cases are often regarded as 
traumatic neurosis or psychoses of other 
sorts. But, what activate the 
symptoms after the quiescent period ? 

Kasemeyer *' was inclined to the opin- 
ion that merely the organization of a trau- 
matic hematoma may give rise to repeated 
hemorrhages from rupture of capillaries. 
Experimentally produced hematomas in ani- 
mals tend to regress, and this is against the 
assumption of repeated hemorrhage. It 
seems probable that hemorrhages recur in 
some with or without additional 
trauma and give rise to acute symptoms and 
that symptoms suddenly develop in other 
cases after a quiescent period without fur- 
ther bleeding. The latter would seem the 
commoner. 

In 1925 wrote that there is 
something very mysterious about the occur- 
rence of these lesions and their delayed 
relations to trauma. He considered that the 
source of the immediate hemorrhage was 
from rupture of the sinus, the lacunae, and 
the tributaries of the veins of the pia. 
Gardner ' wrote that the vascular rupture 
occurs in one or more of the cerebral veins 
as they cross the subdural space to enter 
the longitudinal sinus. Munro ' wrote that 
fractures of the skull and laceration and 
contusion of the brain are much more fre- 
quently the causative agents of the bleeding 
than rupture of a single vein. But the 
reason for the delayed manifestation of 
symptoms provoked considerable interest. 
Pathologic evidence did not support the 
simple hypothesis that continued bleeding 


Pfeiffer 


serves to 


cases 


Putnam 


was responsible for continued growth of 
the sac to the point where the brain was so 
compressed as to cause increased intracra- 
nial pressure. Gardner showed that the sac 


which forms about such a collection of 
blood has the characteristics of a semiper- 
meable membrane. He believed that the 
enlargement of the sac depended on the 
passage of tissue fluids into the hematoma 
as a result of differential osmotic tension 
existing between whole blood and cerebral 
spinal fluid. Zollinger and Gross ™ found 
that the disintegration of the blood takes 
place slowly over a period of months and 
that the osmotic interchange of fluid into 
the sac proceeds accordingly at a similar 
rate. According to these authors, this ex- 
plains the latent interval also. Dandy attrib- 
uted the progressive symptoms and eventual 
death to increased intracranial pressure, for 
relief of the pressure preserves life. He 
believed the answer to be in the reaction 
of the brain to the hematoma as a foreign 
body. Tremendous areas of cerebral edema 
surround tumors of the brain, and this varies 
in degree with different tumors. Patients 
with intracranial tumors may be physically 
well one minute and unconscious or dead 
the next from increased cerebral edema and 
not from hemorrhage in the tumor. Similar 
factors, Dandy contended, are responsible 
for the gradual progression of subdural 
hematoma and the eventual death of the 
patient, i. e., the reaction in the brain to a 
lesion that already occupies a volume so 
great that the margin of security at any 
time is slight. 

Pathologic Structure of a 
The structure consists of a 
fibrous envelope enclosing the clot) which 
is in some stage of degeneration. The con- 
tents may vary from a fresh reddish-brown 
gelatinous clot to colorless fluid. A coffee- 
colored fluid is usually mentioned. An 
organized clot is seldom found, The con- 
ditions of the clot appear to have little 
relation to the length of the interval be- 
tween trauma or onset of symptoms and 
Cant found a 
quantity of yellow fluid and a small clot 


Traumatic 
ematoma. 


operation or necropsy. 
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in a case operated upon 45 days after in- 
jury. Brownish fluid was found in 
fourth case 2 months after injury. 
The fibrous capsule is composed of a very 
thin inner layer next to the arachnoid and 
a relatively thick outer or dural layer. The 
membrane next to the arachnoid 
of a thin sheet of connective tissue covered 
with a single layer of mesothelial cells. This 
is usually avascular and free from the ad- 
jacent arachnoid. The dural layer, in con- 
tradistinction, has a definite structure. This 
layer consists of fibrous tissue with large 
oval nuclei, is 1 to 4 or 5 mm. in thickness, 
and is distinct from the dura. Putnam 
described, as a characteristic feature of it, 
large irregular elongated spaces in the mem- 
brane near the dura, usually filled with red 
cells, leukocytes, fibrin, or granular debris. 
The adjacent dura is little altered, and the 
arachnoid may be discolored, fibrotic, or 
unaffected. The brain may be greatly dis- 
placed and compressed by the mass. 


our 


consists 


Since the formation of the hematoma in 
the middle cranial fossa in the young and 
malleable skull produces an enlargement of 
the fossa, this change should be demon- 
strable in regular and stereoscopic roent- 
genograms. According to the law of 
adaptation, which calls for an adjustment 
of the organ to the function which it is 
intended to perform, the middle fossa grows 
in capacity to accommodate the additional 
substance, i. e., the hematoma. This growth 


of the fossa encroaches upon neighboring 
structures. Anteriorly, the orbit is affected, 
and displacement and indentations of the 


lateral wall which reduce the 
capacity of this cavity. This in turn dis- 
places the eyeball 


exophthalmos. 


are seen 


anteriorly, producing 
The eyeball shows a_for- 
ward proptosis and no limitation of the 
excursions, unless paralysis of the abducens 
is produced, as has been noted in our second 
case. A bulge of the temple may be pro- 
duced by the lateral expansion of the fossa. 
This change in the lateral wall of the orbit 
produces readily observable alteration in the 
usual appearance of the orbit in the films 
when compared with the contralateral or 
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normal orbit. The superior orbital fissure 
is larger; the sphenoid ridge is sharp and 
elevated; the roof is shorter, and the tem- 
poral line may be displaced lateralward and 
obscured. This latter is due to bulging of 
the temple by the lateral expansion of the 
middle fossa. In addition, the bone of the 
lateral wall is greater in all dimensions and 
is thinner, Dyke mentioned thickening of the 
skull and hypertrophy of frontal and eth- 
moidal sinuses, but these observations could 
Basal films are 
essential to the indisputable recognition of 
enlargement of the middle fossa, and stereo- 
scopic orbital films in the Caldwell position 
are necessary for the study of the orbital 
changes. 


not be made in our cases. 


In my experience no other intracranial 
lesion has been encountered that has pro- 
duced a similar skull deformity. Dyke had 
not found it in any other condition. Con- 
ceivably, a slow-growing glioma of the 
temporal lobe in a child could produce this 
deformity, but such tumors are not found 
in this position in children. Asymmetry of 
the skull, resulting from premature closure 
of sutures of one side of the vault, may 
grossly affect the base of the skull and the 
orbits, but enlargement of the middle fossa 
does not occur in these cases. Ultimately, 
perhaps, other causes may be found. The 
time required for these profound changes 
to occur is open to conjecture. Bull men- 
tions one case in which the interval between 
the time of injury and the operation was 
only three months. Hardman described 
the case of a boy of 8 with a bulging middle 
fossa who had been injured 10 weeks pre- 
viously. Ten weeks was the duration of our 
third case and only eight weeks of our 
fourth case. Schuller, in a communication 
with Hardman, thought six weeks was nec- 
essary. Calcification of a portion of the 
wall would indicate a duration of years. 

Ventriculograms and encephalograms 
show findings suggestive of this lesion. The 
lateral ventricles are usually asymmetric in 
shape and are displaced to one side, with 
one larger than the other. The subarachnoid 
sulci may be visualized and are seen to be 
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displaced from the inner table. Deformity 
of the basal cisterns may be distinguished if 
enough fluid is withdrawn. 

Surgical Treatment.—The surgical treat- 
ment of subdural hematomas is imperative 
if life is to be saved, according to Munro. 
Without surgical intervention the mortality 
of 22 proven cases was 100%. With treat- 
ment, in his series of 39 cases, the mortality 
was 41.2%. Dandy, however, had a mor- 
tality of only 4% in his series of 48 cases. 

Dandy and Putnam advocated explora- 
tory puncture of the hematoma to establish 
its character and location. Then, with veri- 
fication of the lesion, a small osteoplastic 
flap is recommended in order that the mem- 
branes of the lesion be removed, if possible. 
Reformation of the clot is not to be ex- 
pected, according to Putnam, but cerebral 
edema is apt to occur in the lesion released 
from its long pressure. Dandy considered 
postoperative hemorrhage to be the chief 
complication. In evacuated 
the hematoma the second time, and in both 
fresh-clotted was removed. The 
bleeding arose from the raw edge of the 
outer membrane of the sac, which is usually 
very vascular. Constant and close postop- 
erative care is a requisite if bleeding is to 
be detected and prompt measures instituted 
for its relief, 


two cases he 


blood 


In many reported cases, as in our first 
and fourth cases, drainage of the fluid of 
the sac through a burr hole was all that 
was needed to effect permanent relief. 


Summary 


Another cause of exophthalmos is de- 
scribed as that which may result from de- 
formity of the base of the skull induced 
by an infratemporal subdural hematoma in 
a young The localized increased 
pressure in the middle cranial fossa in a 


person. 


Pfeiffer 


skull in the malleable state produces an en- 
largement of the fossa with encroachment 
on the adjacent orbit, making this cavity 
shallow and causing the eye to protrude. 
Demonstrable enlargement of the middle 
fossa in skull roentgenograms is virtually 


indicative of subtemporal subdural hema- 
toma. 


Institute of Ophthalmology, 635 W. 165th St. 
(32). 
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Adenocarcinoma of the Meibomian Gland 


A Pseudochalazion Entity 


EDWARD C. SWEEBE, M.D., and DAVID G. COGAN, M.D., Boston 


Although Baldauf described some tumors 
of the Meibomian gland in 1870, it was 
Allaire in 1891 who first identified an adeno- 
carcinoma of the Meibomian gland. Since 
that time there have been approximately 
120 Meibomian gland carcinomas reported 
in the literature (Bibliography). The 
Meibomian gland carcinomas comprise 
about 0.2% of all lid tumors (Welch and 
Duke). It appears that generalized metas- 
tases have occurred in 12 of these cases. 
The incidence of metastases may be even 
greater than this, as a good many cases had 
inadequate or no follow-up. 

In their early stages, Meibomian gland 
carcinomas are frequently mistaken for 
chronic chalazia. The distinction between 
these two lid lesions becomes particularly 
important because these tumors do possess 
metastatic tendencies. Recently, we have had 
several cases in which the clinical diagnosis 
was “recurrent chalazion,” but the patho- 
logic specimen proved to be an adeno- 
carcinoma of the Meibomian gland. We 
now have collected a total of eight patients 
with Meibomian gland carcinomas for fol- 
low-up study from our files and = from 
several colleagues. Six of these patients had 
an initial diagnosis of chalazion, and when 
the other two patients were first seen the 

Submitted for publication July 21, 1958. 
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diagnosis was readily apparent, as the 


tumors were far advanced. 


Report of Cases 

Case 1.—This 61-year-old white man 
was first seen in the Massachusetts Eye and 
Kar Infirmary (ME&EI) eye clinic on 
March 23, 1957, with a two-week history 
of a small nodule on the outer one-third 
of the right upper lid. It was felt that this 
was a marginal chalazion, and sulfacetamide 
ointment and hot compresses were pre- 
scribed. Three weeks later, the lesion was 
still present, and an incision and curette- 
ment was performed. When seen 10 days 
later, the lesion was healed. 

Three months after the curettement, the 
patient noted that the lesion had recurred 
and was gradually increasing in size. Two 
more months elapsed before the patient re- 
turned to the eye clinic. At this time, a 
firm rounded tumor of the margin of the 
right upper lid was seen, which was 
traversed by blood vessels. The lesion was 
elevated above the surface of the lid (lig. 
1). A biopsy of the mass was done, and 


Fig. 1 (Case 1).—Adenocarcinoma of Meibomian 
gland of right upper lid. 
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Fig. 2 (Case 1).—For- 
mation of giant acini by 
large irregularly shaped 
polyhedral cells with vac- 
uolated cytoplasm. Note 
numerous mitotic figures 
and central degenerative 
core. Reduced about 35% 


from X 100. 


pathologic examination revealed —adeno- 
carcinoma of the Meibomian gland. ligure 
2 shows the characteristic giant acini com- 
posed of large irregularly shaped polyhedral 
cells with vacuolated cytoplasm. 

Two weeks after the biopsy, slight thick- 
ening occurred around the biopsy site but 
there was no gross evidence of recurrence. 
Two weeks later, a 2 mm. nodule was found 
under the skin of the right upper lid. This 
was felt to be a recurrence. At this time, 
the patient received 900 r in each of five 
treatments in the 100 kv x-ray machine 
without a filter through a 1 cm. circular 
field, with the eye protected, The patient re- 
ceived a total of 4,500 r over seven days. By 
the end of the radiation therapy, the nodule 
had disappeared and only a moderate skin 
reaction was present. There is no evidence 
of recurrence or metastasis eight months 
after radiation therapy was instituted. 

Cask 2.—This 72-year-old white woman 
was reported to have had a diagnosis in 
1951 of a giant “chalazion” of the right 
upper lid of one year’s duration. This was 
removed, and pathologic examination re- 
vealed a basal-cell carcinoma. 

In 1953 another mass was found in the 
right upper lid which looked like a chala- 
zion, and it was incised and curetted with 
complete recovery. 


Sweebe—Cogan 


Four months later, another swelling de- 
veloped in the right upper lid. It also re- 
sembled a chalazion, but it had multiple 
openings and emptying was accomplished by 
manual pressure. 

One year later, the entire right upper 
lid was swollen with a granulomatous mass 
on the conjunctival surface. This was ex- 


cised and sent to the same laboratory as had 
received the previous specimens, where a 
diagnosis of epidermoid carcinoma, Grade 
2, was made. 


Two months after this excision, the pa- 
tient was first seen at the MEET eye clinie. 
examination revealed a large firm 
nontender mass replacing most of the right 


upper lid and covering most of the palpebral 


Fig. 3 (Case 2).—Large firm nontender mass 
replacing most of the right upper lid. 
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fissure. There was some pale yellow secre- 
tion from an ulceration on the palpebral 
conjunctiva. No preauricular or cervical 
nodes were palpable (lig. 3). A block ex- 
cision of the mass was performed, and a 
plastic repair of the upper lid was done 
with a tarsorraphy. Pathologic examination 
revealed an adenocarcinoma of the Meibo- 
mian gland (Fig. 4). 

Two months after the surgical excision 
of the tumor, the lid was completely healed 
with no evidence of recurrence. The 
tarsorraphy was repaired at this time. 
Shortly after this, the patient died of in- 
juries sustained in an automobile accident. 
No autopsy was performed. 

Case 3.—This patient was a 41-year-old 
Indian woman, who first noted a small swell- 
ing of the right upper lid in 1954. Her 
ophthalmologist believed this to be a chala- 
zion, and it was excised six months later. 
It recurred within one month and grew 
bigger with ulceration on the palpebral 
conjunctiva. 

Six months later she was seen by another 
ophthalmologist, in Surat, India. She pre- 
sented a hard fixed swelling of the middle 
third of the right upper lid. The con- 
junctival surface was ulcerated, and there 
was evidence of old cicatrices. A complete 
excision of the tumor mass with total re- 
moval of the tarsal plate and about two- 
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Fig. 4 (Case 2).—Giant 
acinus composed of vacu- 
olated cells of various 
sizes and shapes with a 
central core of degener- 
ated cells. Reduced about 


30% from X 100. 


thirds of the upper lid was performed. 
Subsequently, a plastic repair was done with 
a good result. No evidence of metastases 
was found. 

The specimen was sent to the pathology 
laboratory of the ME&EI, and a diagnosis 
of adenocarcinoma of the Meibomian gland 
was made. 

The patient showed no recurrence or 
evidence of metastasis and had a_ good 
cosmetic result when last seen in the fall 
of 1957, that is, two years after surgical 
removal of the tumor. 

Case 4.—This 74-year-old white woman 
was first seen in 1956, with a history of a 
“stye” on the lower lid of the left eye of 
one month's duration. Examination re- 
vealed a lid which appeared to have multiple 
chalazia with an elevated lid margin re- 
sembling a small papilloma. Multiple white 
cyst-like bodies wére present beneath the 
conjunctiva vertically down the inferior 
fornix. An incision and curettement was 
done. Postoperatively, the small papilloma 
was still present on the lid margin. 

Six months later the patient was seen 
again. The papilloma had grown to a 5X5 
mm, mass. On the conjunctival surface the 
white cystic masses extended to the fornix 
(lig. 5). An excision of the tumor was 
done and it was found to be an adeno- 
carcinoma of the Meibomian gland (Tig. 6). 
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Fig. 5 (Case 4) —A 55 mm. mass of the mar- 
gin of the left lower lid with subconjunctival 
extension, into the lower fornix. 


Therefore, a large block resection of the lid 
was done with a plastic repair. No tumor 
was found at the margins of the second 
resection. The patient was last seen by her 
own ophthalmologist one year after surgery 
and showed no evidence of recurrence or 
metastasis; she has a good cosmetic result. 

Case 5.*—This 50-year-old white man 
was seen in 1948 with a painless ulcerative 
tumor of the upper lid of slow development. 
There was no history of trauma or previous 
inflammation. It was believed to be a chala- 
zion and excised. Pathologic diagnosis was 
a Meibomian gland carcinoma. Recent fol- 

* Case 5 is reported by permission of Dr. Merrill 
Reeh. 


Fig. 6 (Case 4).—Low- 


power view of tumor 
Figure 5, re- 


vealing it to be an adeno- 


shown in 


carcinoma. the 
Meibomian gland. Re- 
30% from 


duced about 


25. 
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low-up has revealed no evidence of recur- 
rence or metastasis. 

Case 6.—In 1956, this 41-year-old white 
woman was seen by her ophthalmologist 
concerning a small mass in her right upper 
lid of several months’ duration. Clinically, 
the lesion had the appearance of an atypical 
chalazion, and an incision and curettement 
was performed. of the unusual 
consistency of the material removed, a speci- 


Because 


men was sent for pathologic examination. 
This revealed an adenocarcinoma of the 
Meibomian gland (lig. 7). 

The patient was again seen in 1958, and 
a recurrence of the mass was noted, which 
the patient stated had been present for four 
to five months. Local excision of the lesion 
was performed, and again carcinoma of the 
Meibomian gland was found on pathologic 
examination (Fig. 8). The area healed un- 
eventfully, and there has been no evidence 
of recurrence four months after surgery. 

Case 7.4-——-This 64-year-old woman was 
seen in 1952 with a six-month history of 
a mass in the right lower lid. She had a 
three-year history of chronic conjunctivitis 
and Meibomianitis. The right eye had been 
enucleated in 1950 for glaucoma and _ pain. 
Examination 


nodular mass in 


the right lower lid, extending into the orbit. 


revealed a 


+ Case 7 is reported by permission of Dr. James 


Allen. 


133/285 


Fig. 7 (Case 6)— 
Cross section of right 
upper lid showing the 
development of a_ huge 
giant acinus composed of 
malignant cells, extending 
from skin to conjunctival 
surface. Note normal 
Meibomian glands on the 
left. Reduced about 30% 
from X 25. 


Fig. 8 (Case 6).— De- 
tails of the tumor cells. 
Polyhedral cells of vary- 
ing sizes and shapes, with 
prominent nucleoli and 
vacuoles in the cytoplasm. 
Many mitotic figures are 
present. Reduced about 
35% from 400. 


Fig. 9 (Case 7).—Di- 
lated multiloculated giant 
acini with the central 
core filled with degener- 
ated cells and secretion. 
Reduced about 30% from 
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Fig. 10 


Cells are 


(Case 7).— 
composed of 
nuclei of varying sizes 
with prominent nucleoli. 
The cytoplasm is filled 
with vacuoles. Numerous 
mitoses are present. Re- 
duced 35% 
x 400. 


about from 


No regional nodes were palpable. An ex- 
enteration of the right orbit was done. 
Pathologic diagnosis was adenocarcinoma of 
the Meibomian gland (Figs. 9 and 10). 
Six months later, the patient was_ re- 
admitted to the hospital because of the 
development of a small mass of suspicious- 
looking tissue at the apex of the exenterated 
orbit and a painless enlargement of the right 
preauricular node. At this time, all tissue 


was removed from the right orbit. Biopsy 
revealed a recurrence of the carcinoma 
of the Meibomian gland. Three weeks 
later, the right preauricular lymph 


node and surrounding parotid tissue were 
removed and a radical dissection of the 
lymph nodes of the neck was done. Patho- 
logic examination of the showed 
adenocarcinoma involving the lymph nodes 
in the tissue adjacent to the parotid gland. 
However, there was no involvement of the 


tissue 


lymph nodes removed from the neck, Thirty- 
six hours after the radical neck dissection, 
the patient died of “cardiac failure.” An 
autopsy was not performed, 

Case 8.$—In 1946, this 79-year-old white 
man noticed a small mass on his right upper 
lid. This was removed, but it quickly re- 
curred four months later and gradually 
increased in size. 

t Case 8 is reported by permission of Drs. James 
R. Duke and Jonas Friedenwald. 
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In 1952, a biopsy was done which in- 
dicated senile keratosis. The mass rapidly 
increased in size following the biopsy, and 
two months later he was admitted for treat- 
ment to the Wilmer Institute. 

Examination revealed that the right upper 
lid was completely involved in a reddish 
bhuemass which was crusted on the anterior 


Fig. 11 (Case 8)—A 2.52.5X2.5 em. reddish- 
blue mass replacing almost entirely the right upper 
lid. The right preauricular node was palpable (by 
Duke). 


J. R 


permission of 
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The mass measured 2.5 2.52.5 
em. and was almost round. 


surface. 


There was a 
yellowish purulent material coming from 
the inner canthus. 
but not 


The lower lid was red 
The eye was not in- 
volved. There was a small 1 cm. elongated 
preauricular lymph node on the right (lig. 
IL). A biopsy of the mass was performed, 
which revealed adenocarcinoma of the Mei- 
bomian gland (lig. 12). Therefore, re- 
moval of the right upper lid and the tumor 
mass was done, with a plastic repair by a 
sliding skin flap from the forehead. Also, 
the preauricular lymph node was removed 
and was found to be infiltrated with meta- 
static tumor tissue. The patient was trans- 
ferred to the surgery service postoperatively 
for the question of radical neck dissection. 
However, this was not done because of the 
patient’s reluctance. 


swollen. 


Two and one-half months following the 
surgical removal of the tumor and _ pre- 
auricular node, the patient was readmitted 
to the surgical service because of palpable 
cervical lymph nodes. However, he again 
refused radical neck dissection, 

Two months later, a biopsy of the right 
parotid region showed undifferentiated car- 
cinoma. Because the patient refused radical 
neck dissection, a skin flap was elevated 
in front of the ear and he was given 2200 r 
at a depth of 1 cm. He was followed closely 
by the x-ray department without evidence 
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Fig. 12 (Case 8).— 
Cells are irregular in size 
and shape. Nucleoli are 
prominent, and the cyto- 
plasm is vacuolated. Only 
a few mitotic figures are 
present. Reduced 
35% from X 400. 


about 


of recurrence. However, during the next 
three months, the patient lost 30 Ib. in 
weight. 

At this time, physical examination re- 
vealed no evidence of recurrence. 
However, on examination of the abdomen, 
a large mass was palpable in the right 
upper quadrant extending down to the mid- 
abdomen ; it appeared to be attached to the 
liver. It was felt that the patient either 
had metastatic carcinoma to the liver or a 
primary carcinoma of the colon, Chest x-ray 


local 


was negative, and arrangements were made 
for further study. However, the patient 
unexpectedly died while at home. It is not 
known whether an autopsy was performed. 


Résumé 

The average age of these patients at the 
onset of the tumor was 58 years, with a 
range from 41 to 79 years of age. [ive 
patients were women, and three were men. 
The upper lid was the site of the tumor 
in six patients; the lower lid, in two pa- 
tients. Six of the eight patients presented 
with a lesion which was interpreted and 
treated as a chalazion. The average time 
the tumor was present before appropriate 
therapy was instituted was two years, with 
a range from five months to five years. 
Two of the eight patients had metastases 
to the regional lymph nodes proven by 
pathologic examination. One patient had 
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radiation therapy alone; six patients had 
surgery, and one patient had a combination 
of surgery and radiation. Of the eight 
patients, five are alive and apparently free 
from recurrence and metastases at this time. 
Three of these five patients have been fol- 
lowed from one to nine years. Of the two 
patients who had lymph node involvement, 
one died one and one-half days postopera- 
tively of “cardiac failure”; no autopsy was 
performed. The other patient died after a 
weight loss of 30 Ib., with a mass in the 
abdomen, which was thought to be a large 
liver. However, we have been unable to 
determine if an autopsy was done. The 
third patient died as a result of an auto- 
mobile accident, and an autopsy was not 
performed. 


Comment 


It should be emphasized that it may be 
very difficult to distinguish these tumors 
from a chalazion. They present a firm non- 
tender painless nodule in the tarsus of the 
lid, which may appear slightly yellow on 
the conjunctival surface. As the carcinoma 
becomes farther advanced, however, its dis- 
tinction from 
evident. 


becomes more 
The tumor becomes fused to the 
lid margin. 


a_ chalazion 


Later, there is swelling of the 
lid margin with some nutrient vessels visible 
over the tumor. The conjunctival surface 
may become umbilicated and ulcerated. 

It would be ideal to examine every 
chronic chalazion for malignancy, especially 
in adults over 40 years of age. However, 
this is impractical; but histologic examina- 
tion is which 
clinically resembles a chalazion and which 


indicated in any lesion 
fails to respond to the customary therapy 
or which recurs after spontaneous rupture. 
It has been observed clinically that if the 
tumor is incompletely removed or curetted, 
the growth of the lesion changes from that 
of a slow-growing tumor to that of an active 
malignancy with rapid 
(Lebensohn, 


recurrences and 
1935). Also, it 
should be remembered that a primary tumor 


metastases 


Sweebe—Cogan 


may remain insignificant, while the metas- 
tasis reaches considerable size. Therefore, 
any small “chalazion” associated with a mass 
in the preauricular, orbital, parotid, or 
cervical regions should not be regarded as 
benign until proven so (Hagedoorn, 1934). 


Summary 


Eight cases of Meibomian gland adeno- 
carcinoma are presented. The initial simi- 
larity of these tumors to chalazia and their 
metastatic tendencies is emphasized. 


243 Charles St. (14). 
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Peripheral Iridectomy with Scleral Cautery for 


Glaucoma 


HAROLD G. SCHEIE, M.D., Philadelphia 


This paper presents the results obtained 
in 70 eyes with primary glaucoma, with 
use of a new fistulizing operation pre- 
viously described by me.’ A fistula is pro- 
duced by causing the lips of a scleral 
incision, made as for peripheral iridectomy, 
to retract by application of a cautery super- 
ficially to the wound edges. A preliminary 
report, based on experience with 42 eyes, 
indicated that the procedure could be used 
whenever a fistulizing operation was deemed 
necessary. It was effective in eyes with 
either wide or narrow angles and seemed 
of particular value in neglected acute and 
advanced narrow-angle glaucoma because of 
its simplicity and safety. 

The operation resembles a peripheral 
iridectomy as performed for narrow-angle 
glaucoma. Rather than the small con- 
junctival flap employed for peripheral 
iridectomy, a large flap of Tenon’s capsule 
and conjunctiva is reflected to the limbus 
as for any filtering operation. An ab 
externo incision is made perpendicularly in 
the sclera parallel to and about 1 mm. be- 
hind the limbus. As the angle of the anterior 
chamber is entered, a Hildreth cautery is 
applied superficially to the wound edges to 
cause the sclera to be contracted and the 
wound to gape. The perpendicular wound 
edges separate readily rather than slide over 
each other and remain in contact as they 
might do if they were beveled. The iris, 
particularly if the angle is narrow or the 
tension high, usually prolapses during ap- 
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plication of the cautery, necessitating periph- 
eral iridectomy. If the wound has not 
gaped sufficiently, further cautery can be 
applied after iridectomy. In some eyes the 
iris may prolapse immediately upon com- 
pletion of the scleral incision. [ridectomy 
should then be done before application of 
the cautery. When this is done cauterization 
is more difficult because the flow of aqueous 
through the incision tends to cool the 
cautery. Greater heat, as provided by the 
copper-ball or Ziegler cautery, may then be 
advantageous. At times, especially in wide 
angle glaucoma, the iris may not prolapse, 
and a forceps is inserted into the anterior 
chamber to withdraw the iris for iridectomy. 
Following iridectomy and freeing of the iris 
pillars, the conjunctival flap and Tenon’s 
capsule is sutured with running absorbable 
surgical sutures (gut), taking care to close 
both layers. Atropine is instilled, and only 
the eye operated on is patched. 

The preliminary report summarized the 
results obtained in 42 eyes with primary 
glaucoma. Tourteen eyes had advanced nar 
row-angle, and twenty-seven eyes had 
chronic simple glaucoma. The tension was 
controlled, with normal tension in 26 eyes 
and with hypotony in 9 eves. A round pupil 
was preserved, and the eyes had a remark- 
ably unmutilated appearance. The cicatrices 
tended to be more diffuse and less polycystic 
than those following corneoscleral trephina- 
tion. Many resembled the thick succulent 
scars of iridencleisis. Complications were 
few. An occasional hyphemia occurred, and, 
as with any filtering operations, occasional 
delay in reformation of the anterior 
chamber was encountered, The incidence of 
late complications could not be determined 
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Taste 1.—Summary of Results Obtained from Performing Peripheral Iridectomy 
with Cautery on Seventy Eyes with Primary Glaucoma 


Results 
Reformation of Ant. Chamber 
Controlled Controlled Compli- 
(Normo- with Un- 3 Days cations, 
Type of Glaucoma No. tensive) Hyptony controlled — or Less 1Wk. 10 Days 2 Wk. Hyphemia 
Narrow angle 
Acute 13 12 1 0 10 2 0 1 0 
(Saline 
injection) 
Chron ll 3 1 12 1 1 0 
Congestive (2) 
Noncongestive (9) 
‘Total narrow angle 2s 2 4 1 22 3 I 2 0 
Chronic simple 
Angle narrow 6 5 0 0 3 
Angle open 26 6 1 15 4 0 3 
; ‘Total chronic simple 42 25 i 6 23 15 4 0 6 
i Sum total 70 48 15 7 45 Is 5 2 6 
TABLE 2.—Results of Performing 
% Glaucoma 
. No. Age Sex Race Eye Type Optic Nerve Fields 
1 1" F W O.D. Narrow angle (chronic noncongestive) Normal Normal 
0.8. Narrow angle (chronic noncongestive) Normal Normal 
2 47 k W O.D. Narrow angle (acute) Normal Nornmal 
©. 8. Narrow angle (acute) Normal Normal 
3 43 Fr W O.D. Narrow angle (chronic noncongestive) Normal Normal 
4 i F W 0.38. Narrow angle (acute) Early optic atrophy. Moderately constricted 
5 70 M W 0.8. Chronic simple (angle open) Moderate cupping Superior arcuate defect 
6 75 F W 0O.D. Chronic simple (angle narrow) Marked cupping Nasal constriction 
0.8. Chronic simple (angle narrow) Marked cupping Nasal constriction ' 
7 74 Fr W 0.8. Narrow angle (chronic congestive) Atrophy & cupping Marked concentric 
5 a M W ©.D. Chronic simple (angle narrow) Marked cupping Marked nasal loss 
0.8. Chronic simple (angle narrow) Marked cupping Marked nasal loss 
M W O.D. Chronic simple (angle narrow) Normal Normal 
0.8. Chronic simple (angle narrow) Marked cupping Residual field 
10 7s M W ©. D. Chronic simple (angle open) Moderate cupping Roenne step 
0.8. Chronic simple (angle open) Early cupping Normal 
il 5 M W 0.8. Chronic simple (angle narrow) Normal Normal 
12 4 W Chronic simple (angle narrow) Marked cupping Marked nasal loss 
0.8. Chronic simple (angle narrow) Marked cupping Roenne step 
13 67 KF W O.D. Chronic simple (angle narrow) Normal Normal 
0.3. Chronic simple (angle narrow) Normal Normal 
4 7 M W 0.8. Chronic simple (angle open) Marked cupping Residual 
15 i F N 0.8. Chronic simple (angle open) Marked cupping Residual 
6 6 M W O.D. Narrow angle (chronic noncongestive) Marked cupping Residual 
a 17 47 F WO. D. Chronic simple (angle narrow) Moderate cupping Enlarged blind spot 
oa 0.8. Chronic simple (angle narrow) Moderate cupping Enlarged blind spot 
18 i M W O.D. Narrow angle (chronic noncongestive) Marked cupping Residual 
19 Ww) F W O.8. Narrow angle (chronic congestive) Marked cupping Residual 
» 75 F W O.S. Chronic simple (angle narrow) Early cupping Baring of blind spot 
21 65 M W O.D. Chronic simple (angle open) Normal Normal 
2 MM M W O.D. Chronic simple (angle open) Marked cupping Marked loss 
. 23 42 M N O.8. Chronic simple (angle open) Marked cupping Residual temporal island 
24 72 F W O.D. Narrow angle (acute) Normal Normal 
25 63 F W O.D. Narrow angle (acute) Pale Markedly contracted 
26 37 M W O.D. Chronic simple (angle open) Normal Normal 
0.8. Chronic simple (angle open) Marked cupping Marked loss 
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because the longest period of follow-up was 
one year. 

The report embodies an ex- 
perience with 70 eyes operated on by this 
technique (Tables 1 and 2). All have been 
followed for at least two months, and some, 
for nearly two years. 


present 


Twenty-eight eyes 
had narrow-angle glaucoma, and forty-three 
had chronic simple glaucoma. The tension 
was controlled, with normal tension in 48 
eyes. Hypotony occurred in 15 eyes. It was 
not controlled adequately in seven eyes. 
The anterior chamber was formed in 3 
days in 45 eyes, 1 week in 18-eyes, 10 days 
in 5 eyes, and 2 weeks or longer in 2 eyes. 
These two eyes were in patients with ad- 


vanced narrow-angle glaucoma, one with an 
acute attack of 10 days’ duration. One de- 
veloped an anterior chamber spontaneously, 
while the other recovered only after the in- 
jection of air. Hyphemia occurred in eight 
eyes, but in none did it interfere with the 
final outcome. 

The operation seems particularly adapted 
to narrow-angle glaucoma where a filtration 
procedure is indicated. Thirteen eyes with 
acute glaucoma of more than 48 hours’ 
duration were operated on by this method, 
and the tension was controlled in all but one. 
The attack had lasted for a week or more 
in several. Only one patient had a serious 
complication, which consisted of delaved 


Results 
Controlled Controlled Postop. 
‘Tension, Date of (Normo- with Uncon- Tension Reformation of 
Mm. Hg Operation tensive) Hypotony trolled (1955 Seale) Chamber, Days Complications 
Varied 7/24/56 x 17 1 None 
35-62 
Varied 7/17/56 x 21 1 None 
35-62 
62+ 7/24/56 x 12 1 None 
62+ 7/25/56 x 17 1 None 
26 8/ 4/56 x 21 1 None 
62 ll/ 2/56 x 17 3 None 
40 11/13/56 x 24 3 None 
46 4/18/57 (x) (35) (2) (None) 
4/29/58 reop. x 12 2 None 
46 11/13/56 x Less than 10 2 None 
7 11/20/56 x Less than 10 2 None 
46 11/27/56 x 17 2 None 
40 7/12/57 x 5 2 None 
35 1/ 4/57 x 17 1 None 
40 11/30/56 x 35 1 None 
40 1/ 4/57 x 12 1 None 
46 1/29/57 x i) 1 None 
40 1/ 8/57 x 30 7 Hyphemia, absorbed 
! day 
53 1/ 8/57 x Less than 10 7 ilyphemia, absorbed 
2 days 
53 1/15/57 x Less than 10 3 None 
40 1/15/57 x 35 | None 
40 1/25/57 x 20 7 Hyphemia 
46 1/17/57 > | 40 2 None 
46 2/ 7/57 x 10 1 None 
53 3/12/57 x Less than 10 “4 None 
40 3/19/57 x 10 7 None 
40 3/12/57 x 10 2 None 
40 3/22/57 x Less than 10 4 None 
4/19/57 x 17 None 
53 4/26/57 x 30 4 None 
35 4/26/57 x 20 Ww None 
35 5/ 3/57 x 10 1 None 
40 5/10/57 x 23 2 None 
83 5/22/57 x 17 3 None 
80 6/ 1/57 x 20 1 None 
35 10/ 4/57 x 12 ! Massive hyphemia, 
absorbed 14 days 
Scheie 
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Peripheral Iridectomy with Cautery 


A. 


reformation of the anterior chamber, which 
persisted for over two weeks and neces- 
sitated air injection. Fifteen eyes were 
operated on for chronic narrow-angle glau- 
coma. The tension was controlled at a 
normal level in 11 eyes and hypotony in 3. 
Failure occurred in one. 

The greatest number of failures, as well 
as hypotony, occurred in chronic simple 
glaucoma. Llorty-three eyes were operated 
on. The tension was reduced to normal in 
25. Hypotony resulted in 11. Hypotony 
was said to exist if the tension was 10 mm. 
Hg Schietz or under. The operation failed 
in eight eyes. There was little difference 
between eyes that had narrow or wide 


M. A. ARCHIVES OF OPHTHALMOLOGY 


Comment 

The results of performing peripheral 
iridectomy with cautery as a fistulizing op- 
eration in glaucoma have been analyzed in 
70 eyes. The operation is easy to perform 
and leaves the eye with a relatively un- 
mutilated appearance. The operation is safe 
and accompanied by few complications, the 
most serious being delayed reformation of 
the anterior chamber. Hyphemia occurred 
in eight patients of this series, but it caused 
no serious difficulty. In addition to being 
asy to perform, the operation has certain 
other advantages over more conventional 
fistulizing procedures. The danger of 
sympathetic ophthalmia should be minimal 


angles as compared with iridencleisis where the iris 
Tape 2—Results of Performing Peripheral 
Glaucoma 
No. Age Sex Race Eye Type Optic Nerve Fields 
27 a8 M W O.D. Narrow angle (chronic) Marked cupping Residual 
»™ 47 M W O.D. Chronic simple (angle narrow) Normal Normal 
0.8. Chronic simple (angle narrow) Moderate cupping Inferior arcuate 
F N Chronic simple (angle open) Moderate cupping Residual 
B) 17 F W O.D. Narrow angle (chronic noncongestive) Marked cupping Marked loss 


0.8. Narrow angle (chronic noncongestive) 


a 71 F W O.D. Chronic simple (angle open) 
0.8. Chronic simple (angle open) 


Marked cupping 


Marked cupping 
Marked cupping 


Marked loss 


Marked loss 
Marked loss 


$2 #2 M W O.D. Narrow angle (acute) Normal Normal 
43 SO F W O.D. Chronic simple (angle open) Early cupping Normal 
0.8. Chronic simple (angle open) Normal Normal 
4 4 M W O.D. Chronic simple (angle open) Early Full 
35 4 F W O.D. Narrow angle (chronic noncongestive) Early Arcuate 
36 75 M W O.D. Narrow angle (acute) Can't be seen Residual 
37 i) M N 0O.D. Chronic simple (angle open) Marked cupping Residual 
34 67 F W 0.8. Chronic simple (angle open) Marked cupping Residual 
0 72 F W O.8. Narrow angle (acute) No view Normal 
0 #2 M W O.D. Narrow angle (acute) Normal Normal 
i él F W O.D. Chronic simple (angle open) No cupping Normal 
42 iT) b W O.D. Narrow angle (chronic noncongestive) Marked cupping Marked contraction 
“a 68 F W O.S. Narrow angle (acute) Normal Normal 
“4 M W O.S. Narrow angle (acute) Normal Normal 


4 ») M W O.D. Chronic simple (angle open) 
0.8. Chronic simple (angle open) 

W O.D. Narrow angle (chronic) 

0.8. Narrow angle (chronic) 

47 52 F W O.S. Narrow angle (chronic) 
J W O.D. Chronic simple (angle open) 


0.8. Chronic simple (angle open) 
i) 4 F W O.D. Chronic simple (angle open) 
0. 8. Chronic simple (angle open) 
» F W 0.8. Chronic simple (angle open) 
St 39 F W O.D. Narrow angle (acute) 
0.8. Narrow angle (acute) 
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Advanced cupping 
Early cupping 
Central cupping 
Cupping and pallor 


Marked contraction 
Marked contraction 
Normal 

Residual 


Normal Slight constriction 
Normal Slight constriction 
No view Normal 
Marked cupping Normal 
Moderate cupping Normal 
Normal Normal 
Normal Normal 
Normal Normal 
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is incarcerated in the wound. Late infection 
should be less common than with corneo- 
scleral trephination because the scar is 
thicker. Even when polycystic, it is usually 
thicker than that following trephination 
(Figure). The incidence of late cataract is 
unknown, but it will probably be comparable 
to corneoscleral trephination iriden- 
cleisis. Fifteen patients had hypotony. This 
incidence seems comparable to that following 
corneoscleral triphination, but it is prob- 
ably higher than that following iridencleisis. 

The operation can be performed success- 
fully as a secondary procedure in any 
meridian of the globe because it causes so 
little mutilation. When done nasally or 
temporally or adjacent to former sites of 


Tridectomy with Cautery—Continued 


unsuccessful operations, such as_ iriden- 
cleisis, little further damage is done. The 
procedure is therefore of considerable value 
as an adjunct to other procedures. 

The preferable position is at 6 or 12 
o'clock, where the small coloboma of the 
peripheral iridectomy is covered by the up- 
per or lower lid. When cataract formation 
is obvious and subsequent extraction im- 
minent, the operation can be performed in- 
feriorly, leaving the upper portion of the 
globe undisturbed for conventional cataract 
surgery. In eyes where this has been done, 
the tension has remained normal following 
extraction, 

The operation seems particularly suitable 
for neglected acute attacks of glaucoma 


Results 
Controlled Controlled Postop. 
Tension, Date of (Normo- with Uncon- Tension Reformation 
Mm. Hg Operation tensive) Ilypotony trolled (1955 Seale) Chamber, Days Complications 
40 6/ 3/57 x 12 7 None 
42 6/ 3/57 x 16 % None 
53 7/20/57 wv 4 None 
53 6/ 8/57 x 17 4 None 
60+ 7/ 9/57 x 22 1 None 
32 7/20/57 x 20 1 None 
30 7/30/57 x 15 1 Hyphemia, absorbed 
9 days 
30 8/ 9/57 x Less than 10 3 None 
27 9/24/57 x Less than 10 2 None 
80 9/13/57 x 15 1 None 
6 9/17/57 x Less than 10 6 None 
40 9/24/57 x 20 6 None 
35 10/ 4/57 x 2 1 None 
46 9/24/57 x 12 1 None 
53 10/25/57 x 24 3 None 
35 10/29/57 x 17 3 None 
46 10/29/57 x 20 9 None 
604 10/20/57 x 17 6 None 
4/57 x 17 7 None 
40 ll/ 5/57 x Less than 10 6 None 
ic) 11/12/57 x 17 2 None 
62+ 11/14/57 x 17 2 None 
6§2+- 11/18/57 x 30 None 
with saline injection 
5 1/ 7/58 x 17 6 None 
4 1/17/58 17 3 None 
42 1/24/58 2 None 
4 1/28/58 x 17 1 None 
Bi) 2/ 4/58 x 15 7 None 
35 3/ 7/58 x 7 9 Hyphemia 
40 2/14/58 x 21 y None 
3/18/58 x 12 1 Hyphemia, absorbed 
4 days 
36 2/18/58 x 12 6 None 
62 3/18/58 x 15 6 None 
59 3/19/58 x Less than 10 3 None 
22 3/21/58 x 15 3 None 
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Photographs showing filtering cicatrices resulting from peripheral iridectomy with cautery. 


A through 


where iridencleisis is customarily advised. 
Such eyes are hyperemic and difficult to 
operate upon. The cautery diminishes the 
tendency to bleed, and peripheral iridectomy 
is easy to perform. In 12 such eyes no 
serious operative complication has been 
encountered and all have done nicely post- 


operatively. Failure to control tension oc- 
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12 o'clock meridian, o'clock meridian. 


curred in one. Malignant glaucoma has not 
developed, but in eyes with very narrow 
angles it almost certainly will be encountered 
in the future. Although experience with 
the operation is still limited, I feel that it is 
definitely of value in primary glaucoma and 
that it can be used wherever a filtering 
operation is indicated. The relative value of 
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the procedure as compared to other opera- 
tions must await the future. 


Summary 

My technique for peripheral iridectomy 
with cautery to produce a filtering cicatrix 
in glaucoma is described. 


Experience with 
70 eyes indicates that this procedure can be 


used whenever a filtering operation is in- 
dicated. 
33S. (3). 
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Recently it occurred to me that, although 
seemingly harmful, the alpha angles might 
actually be helpful to sight because other- 
wise there would be no reason for their 

Their benefit might chiefly re- 
effects on binocular and 
particularly upon the horopters. I tried to 
solve this problem of horopters and alpha 
angles by pondering over what is known of 
the optics of the human eye. This did not 
solve the problem at once but ultimately did 
so by bringing to light a fact that seems 
previously to have been completely over- 
looked. This fact is that, since within the 
binocular field the normal human eye sees 
all straight 


evolution. 


side in vision 


lines as straight,* it can, at 
least as treated 
mathematically as equivalent to a miniature 


camera with a lens perfectly corrected for 


concerns horopters, be 


spherical aberration, or with a pinhole in- 


stead of a lens. It is of paramount im- 
portance that in this camera the screen that 
receives the images is not curved like the 
retina, but is, as is usually the case with 
the 
In the eye spherical 
aberration is not corrected, as in the camera, 
by the optical system, but its effect on 


cameras, a plane perpendicular to 


primary optic axis. 


curvature of lines is certainly corrected in 
some way. This correction does not reside 
in the spherical shape of the eye, for this 
adds to the distortion to be corrected, but 
must depend upon the anatomical relation- 
ship of the retina to the occipital lobes of 
the brain. This anatomical correlation that, 
in spite of the curved retina and the marked 

Submitted for publication June 23, 1958. 

* 1 have sometimes observed that a straight line 
close to a curved line appears oppositely curved. 
This is a psychological phenomenon that has no 
bearing on the present problem. 


146/298 


The Normal Frontal Plane Horopter Discovered by 


Means of a New Device, the Horopter Finder 


spherical aberration, normally makes the eye 
equivalent to a perfect miniature camera 
is marvelous, but it must exist. Certainly 
there has been ample time for its evolution. 
The details of its evolution, and its embryo- 
logical development, provide interesting sub- 
jects for speculation and investigation, but 
[ need not discuss them here. 

Suppose now that two such miniature 
cameras, identical in every way, are placed 
in a horizontal plane with their optical 
centers 6.2 em. apart (my own interocular 
distance) and each pointing straight for- 
ward, Their screens would then be in the 
same plane. Assume that corresponding 
points are points whose distances and direc- 
tions from the fovea are the same on both 
camera If for the the 
terminals of the primary optic axes were 
selected, the frontal plane horopter would 
be at infinity and all other midline horopters 
would conform to the circle of Mueller. If 
instead, there was selected for the fovea 
in the right camera a point to the right 
of this terminal, and in the left camera a 
point equally distant to the left of it, each 
camera would have an alpha angle, and of 
the same size. Assume that it is 5.5 degrees, 
the size | now know that my alpha angles 
actually are. There would now be an angle 
of convergence equal to the sum of the two 
alpha angles, that is, 11 degrees, and the 
bifixation point would be 32.19 cm. from 
the cameras. The horopter would now be a 


screens. foveas 


frontal plane passing through this bifixa- 
tion point.+ 

It is to be noted that a circle of unchang- 
ing size of this horopter, no matter where, 


+ Those interested in the subject of aniseikonia 
will no doubt find helpful this conception of minia- 
ture cameras. 
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would be a circle on both camera screens, 
and always of the same size on the screens. 
No object on the horopter would have 
vertically disparate images. A straight line 
anywhere in the visual field would be a 
straight line on the screens. A curved line 
passing through the horopter could be a 
straight line on one screen but not on both. 
With the cameras on the same _ horizontal 
plane as assumed, vertical lines wherever 
situated would be vertical on both camera 
screens no matter where the bifurcation 
point and therefore always parallel or in 
line. This fact is important in connection 
with the question of cylindrical horopters. 
Mathematically, it is obvious that for the 
miniature cameras all midline horopters 
other than the frontal plane horopter are 
curved horizontally. Strictly speaking, the 
frontal plane horopter is the only surface 
horopter possible, since only on this plane 
is there no vertical disparity. However, 
many years ago I proved by stereoscopic 
tests, which I have since often repeated, 
that when an image is both vertically and 
laterally disparate with respect to its fellow 
it has the same stereoscopic effect as if it 
were only laterally disparate, provided the 
vertical disparity is not too great.f More- 
over, in the case of contours vertical or 
nearly so, of which there are many in al- 
most every view, vertical disparity is per- 
ceptible only at their ends. Hence, for both 
these reasons every point in the midline has 
a surface horopter passing through it, and 
this, except for the frontal plane horopter, 
is cylindrical. I realize that only in their 
horizontal midsections are these cylindrical 
surfaces truly horopteric, but | term them 
horopters because they serve perfectly as 
such for stereopsis. 

It should now be obvious that, to two eyes 
that are equivalent to identical miniature 
perfect cameras, a frontal plane would ap- 
pear flat when it was the frontal plane 
horopter, vertically cylindrical and convex 
when it was nearer, vertically cylindrical 

tI also found that convergence could be induced 
by images with such disparity. 
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and concave when it was farther than this 
horopter. 

Although, as | have explained, the normal 
human eye and the pinhole miniature 
camera are equivalent in certain important 
respects, they are far from so in two re- 
spects. The eye is markedly superior in that 
its spherical shape gives it a much wider 
visual field and markedly inferior in that 
its good visual acuity is limited to the 
fovea. 


In my consideration of the miniature 
cameras, | have not allowed for the fact that 
normally in each eye the fovea is about 2 
degrees below the optic axis. This error is 
so slight that it can be disregarded. Another 
error that I shall disregard as unimportant 
is the tacit assumption that the eyes rotate 
on their optic centers. That they do not 
accounts for the facts that the interocular 
distance and the midpoint between the optic 
centers change with movements of the eyes. 
| have also disregarded, and will continue 
to do so in this paper, the effects of torsional 
deviation and the distortion that may remain 
after correction of astigmatism by glasses. 
Torsional deviation that is not overcome by 
cycloduction would, of course, tilt the 
horopters according to its direction and 
amount. 

Since in the tests to be described | have 
relied primarily upon my own eyes, i give 
the following details about my eyes. In each 
eye my visual acuity with glass is 20/15 
or better. O. D., 0.25 s 1.00 cyl, ax 
115; O. S., —2.00 eyl, ax 60. The astig- 
matism causes considerable angular distor 
tion, but this is almost completely overcome 
by my glasses. Up to the age of 30 years 
my eyes were slightly hypermetropic, and 
[ had less than 0.50 D. of astigmatism in 
each. My ocular motor balance always has 
been well within normal limits. My acuity 
of stereopsis as determined by my stereopter 
is 20/10. My interocular distance with my 
visual axes parallel is 6.2 cm. Within the 
binocular field, with or without my glasses, 
I see all straight lines as straight. My visual 


fields are normal. My color perception is 
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Fig. 1—The two targets are as nearly identical as possible. When viewed in a Brewster 
stereoscope by normal eyes, the unified figure appears markedly concave. 


normal. It is safe to assume that with my 
glasses before them my eyes are normal. 

To confirm and amplify for real human 
eyes the facts derived from consideration of 
the miniature cameras, I have made the fol- 
lowing tests and observations. In the first 
place | drew two identical figures on a card 
suitable for a Brewster stereoscope. Each 
figure consisted of five concentric circles, 
and the centers of the two figures were 6.2 
em. apart. (In Figure 1 the circles are 
fewer and the centers are 8 cm. apart to 
make the figures more suitable for viewing 
in a stereoscope.) The largest circles were 
each 6.2 cm.; the smallest, 7 mm. in 
diameter. When | unified these figures 
binocularly by relaxing my convergence, 
thus making my visual axes parallel, the 
unified figure showed an elliptical concavity 
about one-third as deep as it was wide. 
When viewed in a stereoscope the figure 
appeared about the same but larger. 

So far as | know, this phenomenon has 
never previously been observed. For the 
observer it obviously proves that with his 
visual axes parallel or nearly so, his midline 
horopter is not a frontal plane, and that an 
actual suitably marked frontal plane of con- 
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siderable size and at a considerable distance 
would appear to him concave. On the basis 
of this phenomenon, | contrived and con- 
structed a device in which two planes, one 
before each eye, can be rotated equally but 
oppositely on their vertical axes. This re- 
produces, when viewed stereoscopically, the 
appearance of large single frontal planes 
seen binocularly at stated distances real or 
imaginary within a wide range. Because it 
locates the midline plane horopter, I shall 
call it a horopter finder. 

The device consists of a cardboard base 
about 1 mm. thick, 18 cm. long, and 9 cm. 
high (lig. 2). To this are firmly attached 
lengthwise two wooden supports for target 
planes. These supports are each 0.7 cm. 
thick, 2 cm. high, and 12 cm. long and are 
centrally placed. One is attached flush with 
the upper edge of the cardboard; the other, 
flush with the lower edge. The supports are 
therefore vertically 7.5 cm. apart. Two 
holes are drilled through each of the sup- 
ports, for the pins that are to serve as axes 
of rotation for the target planes. These 
holes are each exactly 1.75 cm. above the 
base and 3.24 cm. laterally from the vertical 
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Fig. 2.—The horopter finder in stereoscope. The 
targets here shown are satisfactory, although some- 
what less so than those in Figure 1 


midline. The upper two holes are therefore 
6.5 cm. apart, as are the lower two. 

The target planes, that is to say, the 
planes to carry the targets, each consists of 
a rectangular piece of cardboard 7.45 cm. 
high, 8.8 cm. wide, and 1 mm, thick. On 
the back of these are glued pieces of wood 
to receive the axis pins and give support to 
the target planes. The holes to receive the 
axis pins are 5 mm. below the surfaces of 
the target planes and 3.2 mm, from their 
median edges. At the median edge of each 
plane two small pieces of wood are glued, 
one on the inside and one on the outside 
(Fig. 2). These are so placed and so curved 
as to keep the tilts of the planes perfectly 
symmetrical by keeping the median edges 
always on the same level with respect to 
each other. The curves of the pieces of 
wood were perfected by trial and error (1 
leave to expert mathematicians the problem 
More 
such pieces of wood can be used to ad- 
vantage. In some models I have used eight. 
A scale in degrees of are is provided to 
indicate the tilt of each plane from their 
common level. A brake is provided so that 
the planes remain in any position they are 
placed. In the final model all visible parts 
except the targets are painted black. (To 
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of describing them by equations). 


make its details more easily seen, the model 
shown in Figure 2 was not so painted. ) 
The model just described has a range of 
27 degrees for each plane, much greater 
than needed for the purpose at hand. So 
far as | know, the method used for keep 
ing two planes at the same but opposite tilts 
has never previously been employed for any 
purpose. | have devised a different 
method for doing this that has enabled me 
to construct a model which has a range of 


also 


70 degrees for each plane and which not 
only permits the planes to be moved sym- 
metrically, but when desired, each sep- 
arately. This requires the use of two springs 
and a lever that impinges equally on the two 
planes. It is, therefore, more complicated 
than the other model. Nevertheless, it is 
simple enough, and even more accurate. | 
have spent many hours perfecting it, and 
to give all the small details of its construc- 
tion would require too much space. Although 
made chiefly of wood, it has remained per 
fectly satisfactory for a long period. Vor 
permanency, it would be preferable to make 
it of aluminum. It could be advantageously 
made somewhat larger than my other model. 
Any need for this later model could be done 
away with by having two models, one like 
my original model and another like it except 
that the two planes would not be connected 
and must be moved separately. lor the extra 
model, separate and especially accurate scales 
for the two planes would be necessary and 
also a brake for each plane so that it would 
remain wherever placed. 

The targets that I first employed in the 
device, and have since found to be the best, 
were duplicate dials of thin cardboard with 
concentric circles, such as shown in Figure 
1. They were attached to the planes by 
central pins and kept flat by peripheral pins. 
The heads of the central pins served as a 
central bifixation point. To compensate 
sufficiently for the prismatic elements in 
the lenses of the stereoscope, the distance 
between the centers of the targets when in 
the device was made 7.8 cm. This made 
it possible to use targets each 7.4 cm. in 


diameter. When the targets were used in 
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the device without the stereoscope, their 
centers were 6.2 cm, apart, my interocular 
distance. I may say here that under these 
conditions the effects were substantially the 
same with and without the stereoscope. 
When viewed in the stereoscope with the 
targets on the same level, the appearance of 
the unified target is of course the same as 
in the phenomenon, that of a concave disc. 
sy suitably tilting the planes the unified 
target can be made to appear flat or, to any 
reasonable degree, concave or convex. This 
is because the disparity produced is exactly 
the same as that produced by a large frontal 
plane at the point of convergence indicated 
by the scale on the horopter finder. When 
the scale indicates that the bifixation point 
is beyond infinity, the frontal plane is, of 
course, imaginary. Obviously when the uni- 
fied target appears flat to the observer, it is 
conforming to his frontal plane horopter 
which is situated at a point of convergence 
indicated by the inclination of the two planes 
to each other. For me the target appears 
flat when the median edges of the planes 
are away from me and the two planes are 
at an angle of 11 degrees to each other— 
that is to say, when each plane is tilted 5.5 
degrees. | confirmed this result by finding 
that with each plane tilted at an angle of 4 
degrees the unified target always appeared 
concave and at an angle of 7 degrees, always 
convex, and in each case to about the same 
extent. Thus the horopter finder shows that 
| have a frontal plane horopter at a point 
of convergence of 11 degrees and therefore 
at a distance of 32.19 cm, from my eyes. 
The apparent curvature produced by the 
horopter finder is possibly always elliptical, 
but the less the curvature, the more it re- 
sembles that of a sphere. By making the 
unified target appear highly curved, either 
concave or convex, it becomes markedly 
elliptical and the whole target takes on the 
appearance of the small end of a prolate 
ellipsoid with its horizontal meridian more 
sharply curved than its vertical meridian. 
It therefore appears elliptical in each of its 
three chief dimensions and closely resembles 


150/302 


M. A. ARCHIVES OF OPHTHALMOLOGY 


in shape the end of a hen’s egg that has 
been horizontally compressed. 

This remarkable ellipsoidal appearance 
would seem to refute the conclusion that all 
midline horopters other than the frontal 
plane horopter are cylindrical. Experiments 
that I shall describe, in which vertical lines 
instead of circles are used, prove that these 
horopters actually are cylindrical. Why the 
circles do not produce a cylindrical appear- 
ance is no doubt due to the fact that the 
upper and lower portions of the circles pro- 
vide neither identical points nor lateral dis- 
parity, and therefore their depth is judged 
by the apparent depth of the lateral portions 
of the circles. This explanation is confirmed 
by the following simple é€xperiment. A fig- 
ure consisting of five concentric circles, the 
largest 7.5 cm. in diameter, is drawn upon 
a sheet of film and then bent in the form of 
a segment of a vertical cylinder. From a 
distance of 20 cm. it looks cylindrical, but 
from a distance of 52 cm. and farther it 
takes on the same appearance as the unified 
dial in the horopter finder, both when con- 
cave and when convex. Whatever the ex- 
planation may be, this experiment proves 
that an actual cylindrical segment when suit- 
ably marked with circles can give an ellip- 
soidal appearance. 

So far as I know, the phenomenon which 
suggested to me the horopter finder is a 
new discovery, but many years ago two ob- 
servers narrowly missed discovering it. In 
1882 W. LeConte Stevens devised, and in 
1897 Joseph LeConte discussed at length, a 
procedure in which tilting planes were used, 
but in a different way than in the horopter 
finder.* On each half of a stereoscopic 
card they drew an identical figure consisting 
of concentric circles, and then partly cut 
through the card in the middle so that the 
card could be “bent either way at any angle.” 
When the figures were unified by con- 
vergence or in the stereoscope and the card 
was suitably bent, the elliptical appearances 
The fact 
was not mentioned by either observer that 
the unified figure appeared concave when 
the unbent card was viewed in the stereo- 


I have described were observed. 
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scope. In other words, the phenomenon | 
have described was not noted. LeConte’s ex- 
planation of the appearances produced when 
the planes were tilted, was substantially, al- 
though not wholly, correct, but neither he 
nor Stevens indicated that he realized to the 
slightest extent that tilting planes could be 
used for the investigation of horopters and 
alpha angles, or for a test of any kind. 

By two other methods | have corroborated 
the findings made with the horopter finder. 
In these tests, when a high degree of actual 
convergence was required I did not wear 
glasses, since the prismatic effects of de- 
centering were too great. One method con- 
sisted in bifixating without glasses the 
center of a dial 24 cm. in diameter. The 
dial had five concentric circles and at first 
was at a distance of about 8 cm. Here it 
appeared strongly convex, On my moving 
back from it, the dial appeared to become 
flat at about 32 cm. This was in agreement 
with the horopter finder. It was impossible 
to be sure on my further movement back- 
ward that the dial became concave in ap- 
pearance, doubtless because the visual angle 
it subtended became too small. I repeated 
this test using vertical lines as targets and 
at 8 cm. produced the appearance of a con- 
vex cylindrical surface. The difficulty of 
producing a concave appearance with a 
single target could no doubt be overcome by 
the use of a projection lantern and a large 
screen. 

In the other corroborative method, I em- 
ployed two identical contiguous dials each 
20.5 cm. in diameter and placed on the 
same frontal plane. I unified these by con- 
vergence of my eyes and determined the 
bifixation point by means of a pencil point. 
When the bifixation point was at about 32 
cm. from my eyes, the unified dial appeared 
flat; when the distance was reduced by my 
approaching the dials, the unified dial ap- 
peared convex. At a distance of 1.5 meters, 
it appeared distinctly concave. 

Thus tests made as I have described on 
my own normal eyes with the horopter 
finder and in the other ways mentioned 
prove that | have a frontal plane horopter 
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and that it is situated at a point of con- 
vergence of 11 degrees, that is, at a distance 
of 32.19 cm. from my eyes. Tests that | 
have made on numerous other persons with 
presumably normal eyes give substantially 
the same result. Hence this horopter is the 
normal frontal plane horopter. According 
to the concept of the miniature cameras, 
this means that if the two alpha angles are 
equal normally each is of about 5.5 degrees. 
This is in remarkably close agreement with 
Tscherning, who found by careful measure- 
ments with his ophthalmophanometer the 
normal alpha angle to be 5 to 7 degrees. 

In the stereoscope the optical images are 
so distant, although they appear to be near, 
that differences in interpupillary distances 
have no important effect on the determina- 
tion of the angle of convergence by the 
horopter finder. But, of course, the distance 
of the horopter for the same angle of con- 
vergence varies directly as the interpupillary 
distance. If C is the angle of convergence, 
I, the interpupillary distance, and J), the 
distance of the horopter, then 

D 


2 tan. C 


For a convergence of 11 degrees and an 
interpupillary distance of 6.2 em., as in my 
case, the distance of the frontal plane 
horopter is 32.19 cm., as already stated, but 
for an interpupillary distance of 7.2 cm. it 
would be 7. cm. greater, that is, 37.38 
cm. Hence with a convergence of 11 de- 
grees every difference of 1 cm. in_ the 
interocular distance would change the dis 
tance of the horopter by 5.19 cm. With my 
interpupillary distance, an increase of 2 de- 
grees in the angle of convergence would 
reduce the distance of the horopter about 5 
cm. and a decrease of 2 degrees would in- 
crease the distance about 7 cm. 

In the horopter finder I have continued 
routinely to employ dials with circles, be- 
cause I have found that the stereoscopic 
criteria that they present are much more 
readily accepted than those of any other 
targets I have tried. [ have rather arbi- 
trarily decided upon the number of circles 
and the width of the lines, but | have varied 
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these enough for me to feel sure that the 
dials finally decided upon are nearly if not 
the best possible for the purpose at hand 
(Vig. 1). Each is 6.35 cm. in diameter and 
has four circles including the largest, which 
has only one contour when on a black back- 
ground, The circle is 1 cm. in 
diameter, and the lines are each about 0.75 
mm. in width. The number of circles 1s not 
highly important, but too many may cause 
confusion, A single large circle with a dot 
in its center, on each target, will produce 
effects similar to those produced by the 
multiple circles. 


smallest 


It is, of course, of the ut- 
most importance for each pair of dials to be 
as exact duplicates as possible. When they 
are imperfect in this respect, even when only 
slightly so, the circles cannot all be made 
to appear at the same level and may appear 
slanted with respect to each other, so that 
it is difficult for the observer to decide pre- 
cisely when the unified target should be re- 
garded as flat. Most of the targets I have 
made in ink with a drawing compass have 
been adequate, although none of them per- 
fect. By photographing one well-drawn dial 
and having duplicate prints made, | have 
obtained perfect targets (Fig. 1), judging 
by the fact that with them all of the circles 
in the unified target can be made to appear 
to lie in the same plane. That this is so is 
alone conclusive proof that as concerns 
horopters the normal eye is equivalent to the 
pinhole miniature cameras. 

It is especially difficult to draw duplicate 
targets composed of dots or straight lines, 
but | have succeeded in doing this with suf- 
ficient accuracy. With vertical lines I could 
produce with the device the appearance of a 
vertically cylindrical concavity of great 
depth and elliptical in shape. To flatten this 
| found that, as with the circular targets, 
it required an angle of convergence of 11 
degrees. By increasing this angle, I could 
not make the unified target convex. At- 
tempts to do this produced a feeling of dis- 
comfort. With large dots and letters of the 
alphabet, I was also unable to make the 
unified target appear convex. Why my mind 
refused to accept the stereoscopic criteria 
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under these conditions | do not know. As 
| have already stated, under other condi- 
tions, perhaps more natural, | have produced 
the appearance of convexity when using 
vertical lines. 

Even with the circular targets observers 
often require a few moments to perceive the 
stereoscopic effects and slightly longer to 
perceive the full depth. This is especially 
true when the small end of the ellipsoid 
points toward the observer—that is to say, 
when the figure appears convex. Whether 
or not the observer is employing adequate 
stereopsis can easily be ascertained by ask- 
ing him to describe what he sees when the 
planes are moved, and by the precision with 
which he decides when the unified target 
appears flat. At first it is best not to make 
the unified target extremely curved but to 
place the planes each at about —5 degrees 
and, when the concavity is perceived, to 
place each plane at about +15 degrees, 
where marked convexity should be per- 
ceived. 

I may now point out that with the pho- 
tographically made circular targets, the 
horopter finder provides an excellent test 
for stereopsis. For without stereopsis no 
one could possibly see with the device the 
surprising appearances it produces. The test 
can be made quantitatively by determining, 
in degrees of equivalent convergence reg- 
istered by the device, the shortest range at 
one end of which the target correctly ap- 
pears concave and at the other end convex. 
A range of 6 degrees can be regarded as in- 
dicating an acuity of stereopsis of at least 
20/20. When necessary, guessing can be 
reduced to a negligible factor by frequently 
repeating the test and changing the tilts of 
the planes at random while the observer's 
vision is obstructed. Hence with the horop- 
ter finder any person can determine his 
acuity of stereopsis and, if this is adequate, 
at the same time locate his frontal plane 
horopter and determine the sum of his 
alpha angles. However, for testing stereop- 
sis the device would seem to be inferior to 
my stereopter, if only because it requires 
the use of a stereoscope. 
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The subject of the horopter is generally 
regarded as extremely complex, and an im- 
mense amount of literature bearing upon it 
has accumulated, but no definite conclusions 
can be drawn from it. Strangely enough, 
no one has previously suspected that the 
alpha angles are concerned in the matter. 
The horopter finder, by demonstrating that 
normally a midline plane horopter exists 
and that it is a frontal plane at about 32 cm. 
from the eyes, greatly simplifies and, to a 
major extent, solves the whole problem. 

If it can be said that anything concern- 
ing horopters has been agreed upon, it 1s 
that the Herring-Hillebrand frontal plane 
horopter, situated about 2 meters from the 
eyes, is normal. This would mean an alpha 
angle of less than 1 degree for each eye. 
Among the many persons that | have tested 
with the horopter finder | have found, with 
one exception, none with an alpha angle 
that registered less than 4.5 or more than 
6.5 degrees. As already stated, Tscherning 
objectively found the normal alpha angle to 
be between 5 and 7 degrees. A frontal plane 
at 32 cm., because it is within easy reach 
of the hands and at the usual distance for 
reading and fine work, is obviously more ad- 
vantageous than one at 2 meters. To those 
with the really normal horopter, the ap- 
parent curvature of a frontal plane at 2 
meters would be very slight, and this fact 
no doubt explains why Herring and Hille- 
brand did not detect it by their methods. In 
fact, the curvature of a frontal plane even 
at a great distance is too slight to be notice- 
able under ordinary conditions, for, as has 
been pointed out, to be easily recognizable, 
the curvature in question requires at a dis- 
tance of about 5 meters a disc 1 meter in 
diameter with suitable configurations upon 
it, conditions seldom even approximated. 
This slight curvature of the visual field, in- 
stead of being harmful, might appreciably 
assist the monocular perspective in scenes or 
large pictures more distant than 4 meters, 
such as moving pictures. 

It is now evident that the normal alpha 
angles, instead of being harmful as might 
have been supposed, are really advantageous, 
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since they favorably locate the frontal plane 
horopter. They also provide other advan- 
tages not previously recognized. They pro- 
duce astigmatism that, in regard to foveal 
vision, combats the astigmatism due to the 
elliptical shape of the cornea, and they make 
actual convergence of the eyes nil, or almost 
so, at the reading distance. No doubt it is 
because of their advantages that the alpha 
angles have evolved. It might be of some 
value to know whether there is a useful 
relationship between the kappa angle ob- 
jectively measured on a perimeter and the 
alpha angle measured by the horopter finder. 
| have no important data bearing on this 
question. 

It has been made clear that a person with 
normal eyes and a positive alpha angle of 
the same size in each eye has a frontal plane 
horopter at a midline bifixation point cor- 
responding to a convergence of twice his 
alpha angle. All frontal planes farther away 
appear to him elliptically concave, and all 
those nearer, elliptically convex. If his alpha 
angles were nil, the frontal plane horopter 
would be at infinity and the midline horopter 
at any nearer fixation point would be cy- 
lindrical with the curvature of the circle of 
Mueller. At near distances, a frontal plane 
lf his 
alpha angles were negative, there would be 
no actual frontal plane horopter but there 
would be an imaginary one behind his eyes, 
and this could be located by the horopter 
finder, Thus a person with negative alpha 
angles, if he accepted his stereopsis, could 
never see a real frontal plane as flat, but 
with the horopter finder he could see his 
imaginary frontal plane horopter as_ flat. 
All real frontal planes would appear to him 


would appear perceptibly convex. 


convex, the more so the nearer they were 
to him. Such persons must be exceedingly 
unusual, for | have not yet had one to test. 

(Questions next arise as to the effects pro- 
duced by unequal alpha angles. I have not 
yet encountered this condition, but have 
simulated it by making the tilts of the two 
planes unequal in the horopter finder, yet 
making the unified target appear flat. This 
had the effect of tilting the unified target 
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Consideration of the 
miniature cameras agrees with this, showing 
that when the alpha angles are unequal there 
is no frontal plane horopter but there is in- 
stead a midline plane horopter that is tilted 
on its vertical axis. The angle of con- 
vergence for this horopter is, as before, 
equal to the sum of the alpha angles, and 
the angle of tilt of the horopter is half the 
difference between these angles. For these 
facts to be true, the distance of the fovea 
from the optic center must be the same in 
each camera, while the camera screens re- 
main perpendicular to the optic axes. There- 


on its vertical axis. 


fore, when the alpha angles are unequal, one 
camera must have a longer focal length than 
the other. Otherwise, there would be ani- 
seikonia, 

With the horopter finder, when the alpha 
angles are unequal the distance of the ho- 
ropter could be determined as usual, its 
tilt possibly perceived, and the amount of 
tilt estimated. However, the exact amount 
of the tilt could not be accurately measured 
by rotating the whole device in the stereo- 
scope. Theoretically, without the device, the 
amount of tilt could be measured by center- 
ing perpendicularly on the bifixation point 
a large suitably marked plane and then ro- 
tating this plane on its vertical axis until 
it appeared to the observer to be perpendic- 
ular to the midline. The amount of this 
rotation would be the amount of tilt sought. 
When making this test it would be necessary 
to remove or neutralize any prismatic ele- 
ments in the observer's glasses and to cor- 
rect his aniseikonia by a lens, The accuracy 
of the result could be checked and possibly 
improved by tilting the two target planes 
separately in the horopter finder. If the 
subject had learned to allow for the tilt of 
his horopter, this method of measuring the 
difference in the alpha angles would not be 
reliable. However, if his allowance was so 
perfect that this test could not detect the 
tilt, the difference in his alpha angles would 
be of no importance to him. 

| find with the horopter finder that a 
prism base-out increases and one base-in 
decreases the effect of the alpha angle of the 
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eye before which it is placed. Therefore a 
prism base-out decreases and one base-in 
increases the distance of the frontal plane 
horopter. A 6° prism before one eye or a 
3* prism before each eye changes the con- 
vergence angle for this horopter about 5 
degrees. With a base-out prism, the distance 
of the horopter would be reduced for me 
about 10 cm. A 6° prism base-out before 
each eye increases the effect of each alpha 
angle about 5 degrees and for me therefore 
reduces the distance of the horopter about 
20 cm. I employed a 3° prism to check my 
normal reading with the device, 5.5 degrees 
for each eye. With the unified target ap- 
pearing flat at these angles, a 3° prism base- 
out before one eye made it appear concave 
and this prism base-in made it appear equally 
convex. | obtained the same result with this 
prism when viewing an actual single dial 27 
cm. in diameter at a distance of 32 cm. 
The fact that prisms have these effects 
should be taken into account when they are 
prescribed for horizontal phorias. If the pa- 
tient has a normal frontal plane horopter, 
prisms greater than 3° for each eye should 
not be prescribed, for they would too greatly 
change the distance of the horopter. If the 
alpha angles were unequal they could, in 
effect, be equalized by prisms if the prisms 
were Otherwise indicated. If a patient with 
negative alpha angles had esophoria, he 
could be benefited as to his horopter by 
correcting prisms. If he had exophoria, he 
would be harmed by the correcting prisms. 
Obviously, in some cases the horopter finder 
could decide between the use of prisms and 
operation and whether or not a deviation 
should be partly corrected by prisms. 
With the factors alpha angles, angle of 
convergence, interocular distance, and dis- 
tance and angular direction of the bifixa- 
tion point from the interocular midpoint, it 
should be possible to derive an equation 
which would precisely define the curvature 
of any horopter. This has never yet been 
done, perhaps because it is not of any ob- 
vious practical importance. Meanwhile, as- 
suming that the curvature of a midline 
horopter is the reverse of the apparent 
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curvature of the frontal plane passing 
through the bifixation point, any observer 
with adequate stereopsis can, by means of 
the horopter finder, estimate the curvature 
of any one of his midline horopters. How- 
ever, since the exact character of a curve 
cannot be determined by its appearance, 
especially when it is seen in depth, the 
character of a horopter that is not a plane 
cannot be precisely determined by the ho- 
ropter finder, 
Summary 

Consideration of a recently discovered 
stereoscopic phenomenon has led to the 
finding that it is dependent upon the alpha 
angles and that these angles can be meas- 
ured by locating the midline plane horopter. 
On the basis of this phenomenon a horopter 
finder has been constructed that locates this 
horopter and therefore measures these an- 
gles. 

The device reveals that each angle is nor- 
mally about 5.5 degrees and that they pro- 
duce a frontal plane horopter at about 32 
cm, from the eyes, that is to say, within 
easy reach of the hands and at about the 
usual distance for reading and fine work. 
Thus the horopter finder proves that the 
normal frontal plane horopter is not that 


Verhoeff 


of Herring and Hillebrand, situated about 
two meters from the eye, but one situated 
at a much more advantageous distance. The 
alpha angles, therefore, are not harmful but 
actually helpful to sight. No doubt they 
have evolved because of this fact. 
Observations made with this device, and 
in other ways, show that normally all mid- 
line horopters other than the midline plane 
horopter cylindrical, concave when 
nearer and convex when farther than the 
frontal plane horopter, With the horopter 
finder, any person can, usually in a few 


are 


moments, simultaneously determine his acu- 
ity of stereopsis, and, if this is adequate, 
the location of his frontal plane horopter 
and the sum of his alpha angles. 

The facts, also shown by this device, that 
prisms base-out decrease and base-in  in- 
crease the distance of the midline plane ho- 
ropter should be given consideration when 
prisms are being prescribed for horizontal 
phorias. 


403 Commonwealth Ave. (15). 
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I. Chemistry 
In recent years ophthalmic physiologists 
and biochemists have been particularly in- 
terested in the factors concerned with cor- 
neal transparency. These factors include the 
physical structure of the cornea, its composi- 
tion and chemical reactions, and the dy- 
namics of water movement. A _ recent 
hypothesis advanced by Maurice concerning 
the corneal structure (presented in last 
year’s review) postulates that transparency 
occurs because of a precise lattice-like ar- 
rangement of stromal fibers and cementing 
substances. The fibers are so related that 
all light is neutralized by mutual interfer- 
' Any derangement of this precise 
structural make-up is followed by reduction 
or loss of transparency. Such derangement 


ence, 


might occur with excess pressure, trauma, 
infection, or an increase in the water con- 
tent above a critical level. To date no addi- 
tional evidence has been presented to confirm 
this hypothesis. 

In order to maintain transparency water 
must move in and out of the cornea at an 
unsaturated level. When the water content 
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exceeds 75% to 80% of hyration, clouding 
begins. Several hypotheses have been pre- 
sented regarding the mechanics of corneal 
deturgescence, and, of those under con- 
sideration, none explain all of the phenom- 
ena observed? It is generally conceded 
that the epithelial and endothelial mem- 
branes constitute barriers through which 
water flows freely but passage of ions is 
limited. An earlier concept postulated that 
the corneal fluid content is maintained by 
the osmotic pressure of the aqueous and 
tears. This osmotic balance is dependent 
upon the integrity of the epithelium and 
endothelium, which act as semipermeable 
membranes. In vitro studies of corneal tis- 
sue have not borne out this concept.** 
More recently, evidence has been presented 
that movement of water and/or ions across 
the cornea is due to an active secretory proc- 
ess rather than simple diffusion. This secre- 
tory action requires energy output, and the 
transport mechanism is referred to as a 
water or sodium pump. The energy source 
for movement of water may possibly be in 
the epithelium. Acetylcholine is synthesized 
in the epithelium and is present in high con- 
high 
activity.” In clouded corneal grafts acetyl- 
choline synthesis is significantly decreased.® 


centration, indicating a metabolic 


Possibly the excessive hydration of the graft 
is related to impaired acetylcholine synthe- 
sis. However, to date neither the pump nor 
the substance transported (water or sodium ) 
has been identified. 

The water-binding quality of the collagen 
and mucoid of the stroma is another factor 
concerned in corneal hydration. The swell- 
ing pressure of the cornea is relatively great 
and occurs predominantly in the stroma.? 
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Binding of water is assumed to take place 
in the collagen and ground substance, but 
the extent of this binding is not yet fully 
assessed. The fluid content of the stroma 
increases after disruption of the epithelium 
or endothelium.* It is greater after damage 
to endothelium, but the difference is proba- 
bly due to the hydrostatic pressure of the 
aqueous.® On the contrary, passage of water 
through the cornea is greater after epithelial 
damage than endothelial. 

Another problem concerns the 
chemical composition of the cornea and the 
role of various chemical systems in metabo- 
lism. 


major 


Corneal mucins compose approxi- 
mately 14% of the dry weight of the cornea, 
and these mucins may occur either free or 
in combination with acid polysaccharides. 
Mucins are proteins or protein complexes. 
Mucoids are proteins bound with polysac- 
charides. Polysaccharides are polymers of 
basic sugars, such as hexoses and pentoses. 
When they yield an acid on hydrolysis they 
are termed acid polysaccharides. There are 
at least three free mucopolysaccharides in 
the cornea. These are chondroitin sulfuric 
acid <A, chondroitin, keratosulfate. 
Characteristically corneal collagen, as well 
as other collagen, contains three amino acids, 
glycine, proline, and hydroxyproline, and 
small amounts of sulfur-containing amino 
acids and tryptophane. Other important 
constituents include nucleic acids, lipids, 
phospholipid, cholesterol, ascorbic acid, 
glutathione, and riboflavin. The important 
ions are sodium, potassium, and chloride, 
and trace elements are iron, copper, man- 
ganese, and zinc.!° 

The corneal mucopolysaccharides differ 
from those in the sclera in that no kerato- 
sulfate is These 
mucopolysaccharides may play an important 
role in the binding of water. 


present in the sclera. 


Therefore, 


the quantitative and qualitative mucopoly- 
saccharide content of the cornea should dif- 
fer from that of the sclera, 
doubt that a difference exists, but there is 
some conflict concerning the extent of these 
differences. Studies of embryonic and post- 


There is little 


natal eyes with use of radioactive sulfate 
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reveal that the collagen fibers develop early 
in the posterior corneal layers and fibrillo- 
genesis spreads from the cornea to the 
posterior pole forming the sclera.'' The 
anterior lamellae of the cornea are the last 
to form and are completed postnatally. 
Scleral metachromasia decreases with devel- 
opment, metachromasia 
increases, Resistance to hyaluronidase sug- 
gests that keratosulfate is formed late in 
development and appears in the cornea but 
not in the sclera. Also, sulfated mucopoly- 


whereas corneal 


saccharides apparently appear earlier than 
the nonsulfated form, 

Biochemical studies of the adult bovine 
cornea and sclera reveal the presence of 
chondroitin sulfate A, chondroitin, 
keratosulfate in the cornea, 


and 
Two fractions 
are found in the sclera which are assumed 
to consist of chondroitin sulfate Bo and a 
mixture of chondroitin sulfates A and C. 
No keratosulfate and only traces of hyalu- 
ronic acid are found. However, fractiona- 
tion studies suggest that the difference in 
composition between the two tissues is more 
quantitative than qualitative.'” 

Radioactive-sulfate-uptake studies indicate 
that the mucopolysaccharides are in an active 
metabolic state."*"* Beef and rabbit corneas 
are capable of S*° uptake in vitro, and the 
uptake appears to occur in the acid muco 
polysaccharides isolated from these corneas. 
The major fraction of the uptake appears to 
be related to keratosulfate. In vivo studies 
indicate that S** uptake occurs in all major 
parts of the eye.'® A considerably greater 
quantity of S** uptake occurs in the sclera 
than in the cornea, and the turnover is much 
faster in the sclera. In the sclera the 1sotope 
is lost within 24 hours. By contrast S*° is 
demonstrable in the cornea for as long as 
31 days. A major fraction of the S* uptake 
appears in an esterosulfate which 1s proba 
bly bound to mucopolysaccharide. 

Chemical 
an excellent method of evaluating tissue 
metabolic activity in both health and disease. 
Phosphates are diminished in anaphylactic 
keratitis, which 
metabolism in this disease.'® 


determinations often serve as 


may signify a_ reduced 


However, nor- 
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mally phosphorous metabolism in the cornea 
is sluggish. The lipoid content in the cornea 
increases with senility and degenerations.1* 
Many degenerations are specifically related 
to previous pathologic disturbances of the 
cornea, and abnormal concentrations of 
lipoid material usually signify previously 
existing disease. Glycolysis occurs pre- 
dominantly, if not entirely, in the corneal 
epithelium, particularly in the basal layer. 
In corneal leukomas and corneal degenera- 
tions there is an appreciable reduction in 
glycogen concentration. This reduction is 
probably related to impaired metabolic func- 
tion of the epithelium.” Glycogen is also 
found in inflammatory infiltrations in the 
stroma, the bulk of which appears in leuko- 
cytes. Carbohydrate metabolism of corneal 
epithelium is appreciably inhibited after 
hydrochloric acid burns.*° Both glycolysis 
and oxygen uptake are reduced. Para- 
aminohippuric acid concentration in the 
aqueous is appreciably altered after hydro- 
chloric acid burns of the cornea.2? Alkaline 
burns of the cornea are generally conceded 
to be more serious than acid burns. This 
is due in part to the greater penetration of 
alkalis and their more widespread toxic 
effect. The primary opacity may be due to 
physical-chemical changes of the colloidal 
system of the cornea, in which mucopolysac- 
charides are from their fibrillar 
structures into the interfibrillar spaces, with 
consequent interference with the optical sys- 
tem.2* Hydroxyproline (an amino acid 
constituent of mucopolysaccharide) concen- 


released 


tration increases rapidly after corneal ex- 
posures The return to 
normal is dependent upon the extent of the 
burn.*4 


to acid or base. 


II. Inflammations 
A. Infections 


1. Virus.-Viral diseases of the cornea 
command increasing attention each year. 
This interest appears to date from the wide- 
spread epidemics of keratoconjunctivitis 
that swept this country in 1941, and it is 
probably due to a variety of factors, For 


example, the impact of the epidemics of 
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keratoconjunctivitis was severe and_ later 
became of world-wide concern. Conse- 
quently, the search for the causative agent 
was intense, and during this search a new 
virus strain important to ophthalmology was 
discovered (APC virus). Moreover, the in- 
cidence, complications, and visual impair- 
ments from viral infections on the American 
continent appear to have increased. Hence, 
the problem has become more important. 

It is the purpose of this review to sum- 
marize some of the present concepts of 
viruses and virus diseases of the cornea. 

Nature of Viruses: Viruses have been 
defined as “nuclear protein particles that are 
able to induce their own replication by sus- 
ceptible host cells on which they are com- 
pletely dependent and to which they are 
essentially foreign. This process of replica- 
tion is accompanied by a detrimental effect 
on normal cellular function.”  Micro- 
organisms may be classified into four basic 
groups of which true viruses are the lowest 
in the scale. 1. Bacteria are the most com- 
plex and are capable of their own reproduc- 
tion, have metabolic activity, and are not 
obligate parasites. 2. Rickettsia are less 
complex and are obligate parasites. These 
organisms have metabolic activity and are 
capable of reproducing, although requiring 
the aid of the host cell. 3. Viroid entities, 
such as trachoma virus, are even less com- 
plex but still possess some metabolic activity 
and are obligate parasites. They are entirely 
dependent on the host cell for replication. 
4. True viruses, which are essentially nucleo- 
protein particles surrounded by a membrane, 


exhibit absolutely no metabolic activity.?° 


For replication these organisms require both 
the building materials and the energy from 
the host cell. 

In simplified terms, the life cycle of the 
true virus may be considered as follows: 
The virus protein molecule with its capsule 
is capable of eroding through the cell mem- 
brane and lodging in the nucleus. On entry 
it disappears for a period of time (eclipse 
phase), and on reappearance the protein 
molecule is stripped of its capsule. The cell 
nucleus then responds by creating similar 
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protein particles derived from its own struc- 
ture. Ultimately the new particles are en- 
capsulated and discharged from the cell. 
During this process of reproduction the 
necessary energy and materials are provided 
by the cell nucleus to the detriment of the 
cell. After discharge of the new particles, 
the life cycle is repeated and, since the par- 
ticipating cells are damaged or killed, patho- 


logic tissue changes follow. Most viruses 


demonstrate a strong selectivity for tissues 
and have been classified as neurotropic, 


dermotropic, viscerotropic, etc. Since most 
corneal viral infections involve the epithe- 
lium, they may be considered primarily 
dermotropic. However, they may be capable 
of adapting to other cells. 

If the observations of the characteristics 
and life cycle of the small viruses are largely 
correct, then several conclusions may be 
drawn. Medications, such as the sulfona- 
mides and antibiotics, which act by interfer- 
ing with metabolism or reproduction must 
be therapeutically ineffective. Clinical ex- 
periences to date appear to substantiate this. 
Hence, reports of successful medicinal ther- 
apy of such diseases as herpes simplex and 
keratoconjunctivitis must be considered sus- 
pect unless well substantiated. By contrast, 
large viruses which are metabolically active 
are susceptible to sulfonamides and_ anti- 
biotics. To be effective for small viruses it 
appears that a therapeutic agent will have 
to act in the following manner: (1) prevent 
viral invasion of cells without destruction of 
the host, (2) eradicate infected cells without 
serious damage to the system, or (3) alter 
invaded cells in such a manner that they do 
not participate in viral reproduction, 

Considering the life cycle of viruses, 
stromal involvement in some viral diseases 
of the corneal epithelium is puzzling. Such 
involvement cannot be due to a toxic effect 
of viruses, since small viruses are inert and 
secrete no metabolic products. Hence, it 
appears that stromal disease must be due to 
viral invasion and destruction of stromal 
cells. However, viruses have not been dem- 
onstrated within stromal cells. The presence 
of viruses within the tissue spaces (if this 
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occurs) 1s not sufficient to explain stromal 
disease, since they are destructive only after 
cellular invasion. Yet, stromal involvement 
in herpes simplex keratitis, epidemic kera- 
toconjunctivitis, and adenovirus infection 
obviously occurs. Possibly, stromal reac- 
tions occur from the toxic effect of second- 
ary invaders or from breakdown products 
of epithelial degeneration or from metabolic 
disturbances of the complex chemical sys- 
tems in the stroma created by epithelial 
damage. These inflammatory reactions in 
the stroma have not yet been satisfactorily 
explained. 

An immune reaction probably occurs at 
the cell membrane, where an_ interaction 
takes place between antibody and virus in 
such a manner that erosion of the virus 
particle into the cell is prevented. Although 
the cornea is capable of immune response to 
viral invasion, unfortunately, it is of short 
duration in several important diseases. This 
is particularly true of trachoma and herpes 
simplex keratitis. This lack of immunity 
has made eradication of trachoma almost 
impossible in heavily infected areas despite 
effective therapeutic agents, since reinfec- 
tion is high. Similarly, but for a different 
reason, recurrence of herpes simplex kera- 
titis is also common, Apparently the herpes 
virus is constantly harbored by the tissues 
and when immunity is lost reinfection fre- 
quently occurs.7® 

Identification of a viral agent by labora- 
tory means may be made by direct micro- 
scopic examination of smears and scrapings, 
by serologic tests, or by tissue-culture meth- 
ods. Some viral infections induce suffi 
ciently characteristic cellular response to 
permit reasonable identification by micro 
scopic examination alone. lor example, 
characteristic inclusions epithelial cells 
are often sufficient for diagnosis of such 
diseases as inclusion-body blennorrhea, mol 
Ney 


microscopic 


luscum contagiosum, and trachoma. 
ertheless, identification — by 
examination alone has limited application. 
For many years identification of viral in 
fections has depended largely upon serologic 
methods include the fol 


methods. These 
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lowing ones: 1, Serum neutralization tests, 
in which a suspension of virus is mixed 
with equal volumes of diluted test serum 
and known negative serum. These serums 
are injected into susceptible animals which 
are then observed for a period of days. An 
absence of reaction indicates immune bodies 
in the test serum. 2. Immunity tests in 
which immune animals are given inocula- 
tions with variable dosages of the virus sus- 
pension. 3. Complement-fixation tests in 
which complement, 


a substance normally 
present in serum and a necessary constituent 
in the antibody-antigen reaction, is meas- 
ured. When the content of complement is 


depleted after exposure of serum to sus- 
pensions of virus, evidence of immunity is 
established. 4. Precipitation tests, which 
rely upon introduction of antigen into im- 
mune serum, followed by the appearance of 
a precipitate when immunity exists. All of 
these tests have the disadvantage of requir- 
ing highly technical personnel and equip- 
ment. In addition, they require a long time 
period before a final diagnosis can be made. 

lor the past several years tissue-culture 
techniques have become very useful in viral 
identification. These methods became possi- 
ble after discovery that sheets of epithelial 
cells could be grown in tissue culture. 
Dermotropic viruses are capable of invad- 
ing these cultured epithelial cells, and in so 
doing they produce cytopathic changes that 
often characterize the disease. By this 
means a diagnosis may often be made 
within a matter of hours in contrast to the 
long delay by serologic techniques. 

Herpes Simplex: More than 90% of the 
population over 15 years of age possess 
neutralizing antibodies to herpes virus, and 
the majority of the primary infections occur 
before 5 years of age.**7_ The infection ap- 
parently persists for life in a latent form 
and is capable of recurrent overt manifesta- 
tions. Infants are born with a passive im- 
munity which is lost within six months. Of 
the primary herpetic involvements only a 
small fraction become overt. In children 
these overt manifestations are characterized 
by both local and systemic response, which 
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most often appear in the form of a stomati- 
tis. Onset is abrupt, and the symptomatol- 
ogy consists of fever, malaise, loss of 
appetite, and painful about the 
mouth, In adults the primary infections are 
more difficult to recognize, but the clinical 
picture is one of systemic infection, with 
fever, malaise, loss of appetite, lymphade- 
nopathy, and pharyngitis. 

The ophthalmologist is most familiar with 
the recurrent lesions appearing in the cornea. 
Onset of keratitis may be precipitated by 
injury, either physical or chemical, including 
previous corticosteroid therapy.** The 
mechanism of this relationship has not yet 
been determined. 

The classical dendritic figure is the com- 
monest lesion found, and its appearance is 
diagnostic. Variations include the  geo- 
graphic-map ulcer, stellate with 
multiple dendritic figures, and, in long- 
standing filamentous 
Often there are associated lesions, such as 
follicular conjunctivitis, conjunctival ulcers, 
and herpetic ulcers of the lids and mucous 
membranes around the mouth, The corneal 
lesions are amazingly asymptomatic, which 
apparently relates to severe loss in corneal 


lesions 


lesions 


cases, 


This reduced sensitivity is 
often a diagnostic aid. The keratitis is often 
recalcitrant to all types of therapy and not 
infrequently is followed by disciform kera- 
titis, uveitis, uveoscleritis, and even hypo- 
pyon ulcer.** 

Several diagnostic laboratory aids are 
available and in the more chronic lesions 
are essential for establishment of the causa- 
tive agent. In 
inclusions 


acute lesions intranuclear 
often demonstrable. More 
recently multinucleated giant cells have been 
described in the scrapings of the epithe- 
lium.** 


are 


These giant cells occur only in 
herpes simplex, varicella, and herpes zoster. 
Herpes simplex is easily distinguished clini- 
cally from the other two diseases. The giant 
cells vary in size from relatively small cells 
containing only a few nuclei to very large 
cells containing many. They are easily rec- 
ognized under low magnification. A typical 
cell contains up to 15 nuclei. The cytoplasm 
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is scant and stains light blue with Giemsa 
stain. 

Inoculation of rabbit eyes is also a useful 
technique, since the rabbit cornea is un- 
usually susceptible to the disease. Serologic 
tests have limited application and apparently 
are useful only to distinguish primary 
herpetic infection.*® Tissue-culture methods 
are excellent, since the virus readily invades 
the epithelial cells and produces typical 
cytopathic changes.*® 

Although there are continued reports of 
beneficial effects from various drugs, no 
proven specific therapy has yet been found. 
Chlortetracycline in combination with corti- 
sone has been advocated.*7 However, the 
deleterious effects of cortisone and other 
steroids has been well established and should 
be avoided. y-Globulin may be effective 
when injected  subconjunctivally.** This 
may function by increasing the antibody 
content of the cornea, but, considering the 
avascularity of this structure, the effective- 
ness of this therapy seems dubious. Naph- 
azoline, lysozyme, and alcohol solutions of 
undecylenic acid have been reported as 
effective.***! Irradiation seems to enhance 
the immune response of epithelial tissue to 
infection.4* Radiotherapy may be of value, 
but probably the benefit gained (if any) is 
outweighed by the potential danger of the 
treatment.** In the final analysis, removal 
or destruction of the corneal epithelium ap- 
pears to be the most satisfactory.** It 
may be accomplished by simple denudation 
or by application of a thermophore. This 
therapy has some scientific basis, since it 
eliminates the host cell in the life cycle of 
the virus. The addition of iodine, ether, or 
alcohol probably is of little benefit. 

Trachoma: The course of trachoma has 
been artificially divided into four stages. 
While useful in designating the phase of 
the disease, this classification tends to divert 
attention from the basic pathogenesis of the 
process. Tissue responses to viral invasion 
are not only degenerative but may also be 
proliferative,** nor is all detrimental change 
primarily due to the virus itself. This is 
probably the situation in trachoma. The 
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trachoma virus is dermotropic and, hence, 
invades only the epithelial cells of the con- 
junctiva and cornea.*? Initially the infection 
is superficial (Stage 1), which is clinically 
characterized by hyperemia and_ irritation. 
The tissues also respond by formation of 
characteristic follicles, which are said to be 
distinguishable from other follicular erup- 
tions by their cellular content. These in- 
clude numerous macrophages containing 
engulfed cellular debris (Leber cells) and 
plasma cells, which are rarely seen in non- 
trachomatous disease.** Inclusion bodies are 
also demonstrable. As the disease prog- 
resses, there is epithelial proliferation with 
growth into the underlying tissue.” The 
trachoma virus in the deeper epithelium is 
then less accessible. Since immunity is low, 
the virus continues to reproduce and _ rein- 
vade cells, which accounts for the chronicity 
of the disease. Chronic inflammation of the 
substrate is a constant response to the con- 
tinued epithelial damage. As in all inflam- 
mations, there is a continued attempt at 
repair, which stimulates excessive neovas- 
cularization and fibroplasia. Consequently, 
there is destruction of the secreting glands 
and cells of the ocular mucous membrane, 
with desiccation of the globe surface. UlI- 
timately, the tarsal plate is distorted or de- 
stroyed and extensive neovascularization of 
the cornea occurs (Stage 4).°°5! In effect, 
then, the destructive changes may be at- 
tributed to continuous inflammation, pre- 
cipitated by epithelial damage, and not to 
actual viral invasion of the mesoderm, The 
reversibility of these tissue alterations is 
directly proportional to the extent of scar- 
ring. Late in the disease reversal is no 
Finally, the disease burns 
out because the environment for replication 
of the virus cells probably is no longer 
favorable. 


longer possible. 


Diagnosis of the disease is usually very 


simple in heavily infected areas. It is de- 
rived from the clinical appearance of the 
follicles, conjunctival reaction, and pannus 
of the upper cornea. The clinical diagnosis 
can be verified by finding inclusions in the 
scrapings and from the type of cellular re- 
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action.**°% Classically, the inclusions are 
identified by Giemsa stain; however, stain- 
ing with strong iodine (Lugol’s) solution 
is more rapid, and it stains more inclusion 
bodies with better detail.°4 The disease can 
be confused with other conjunctivities, and 
occasionally it is necessary to resort to more 
complex serologic laboratory procedures. 
In the past, studies of the virus have 
been hampered by the inability to reproduce 
the disease in small laboratory animals. It 
is primarily a disease of humans but can 
be reproduced in a mild, abortive form in 
baboon and monkey.®® However, it now ap- 
pears that small laboratory animals may be 
inoculated with the 
choma 


disease and the tra- 
virus recovered.*® Although these 
animals do not develop clinical symptoms, 
the viruses have been recovered from the 
anterior chamber and the testes of rabbits 
and intranasally from mice. Passage 
through the rabbit testes is probably the 
most satisfactory. Viruses have also been 
recovered after the inoculation of chick em- 
These findings have not been 
verified. 

The treatment of indvidual cases of tra- 
choma is now relatively simple. The disease 
responds well to prolonged instillation of 
sulfonamides and antibiotics, particularly 
chloramphenicol and the tetracycline 
group.°"® Medications may be applied in 
the form of drops, ointments, and subcon- 
junctival injections or systemically. Kegard- 
less of the mode of application, a cure can 
be obtained within a matter of weeks if a 
reasonable schedule is maintained. Kynex 
(sulfamethoxy-pyridazine) is an_ effective 
new antibiotic which has the advantage of 
being long-acting and achieves prolonged 
high blood level from a single dose.** 
1% emulsion of Syn- 
thomycin may be effective if given by in- 
jection and continued for a period of two 
months after clinical 


Local 
administration of 


improvement — is 


noted." 7! Determination of a cure may be 
difficult, since subsidence of clinical symp- 


toms does not necessarily mean that the 
organism has been exterminated. Appar- 


ently, an exacerbation of the disease can 
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be precipitated by local administration of 
corticosteroids.**:*4 If the administration of 
corticosteroid is not followed by an exacer- 
bation, the disease may be considered as 
cured, 

While effective therapy of isolated cases 
is relatively simple, mass therapy of heavily 
infected areas presents a different problem. 
Temporary marked improvement following 
limited mass therapy in local areas has been 
reported.47® However, despite the avail- 
ability of effective drugs, the incidence of 
trachoma has not been appreciably reduced 
on a world-wide basis. This failure of mass 
control can be attributed largely to the lack 
of acquired immunity. Fractional cures of 
heavily infected populations are inadequate, 
since the reinfection rate is exceptionally 
high. Other important factors include lack 
of adequate amounts of antibiotics and sul- 
fonamides, poor hygiene among heavily in- 
fected peoples, and a lack of cooperation 
on the part of the peoples involved. Ap- 
parently, adequate control will not be ob- 
tained until effective medications are 
coupled with effective methods of suppress- 
ing reinfection. 

Epidemic Keratoconjunctivitis: After the 
epidemics of keratoconjunctivitis that first 
appeared on the North American continent 
in 1941, an intense search for the causative 
agent began. The characteristics, symptom- 
atology, and objective findings indicated 
that a common agent, probably a virus, was 
involved. In 1954, a new viral strain was 
isolated from persons suffering with re- 
spiratory infections. The disease was char- 
acterized by adenitis, pharyngitis, 
This strain of virus 
first referred to as APC virus and now is 


and 
conjunctivitis. was 
most commonly called adenovirus. A_ total 
of 18 human and 5 simian serotypes have 
been established by an agar-diffusion tech- 
nique.* Of these, at least 3 types (Types 
3, 7, and 8) and possibly more are capable 
of producing a_keratoconjunctivitis 
strongly simulates the epidemic variety.7**° 
Type 8, in particular, has been isolated by 
tissue-culture methods or identified by sero- 
logic techniques in most, if not all, epi- 
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demics of keratoconjunctivitis of 


recent 
Furthermore, serologic methods 
have incriminated adenovirus in most epi- 
demics since 1951 but have not established 
that the original epidemics were necessarily 
due to this agent.**® The evidence pointing 
to adenovirus was strengthened after inocu- 
lations in human volunteers by Type 8.*! 
Typical keratoconjunctivitis occurred with 
clinical onset evident in 7 to 10 days after 
inoculation and lasted three to four weeks. 
The virus was recovered from the infected 
volunteers. Like epidemic keratoconjunc- 
tivitis, the present adenovirus epidemics 
have world-wide distribution.*** How- 
ever, despite the evidence that adenovirus 
is presently responsible for a large inci- 
dence of keratoconjunctivitis, caution has 
been advised against considering it the sole 
cause.*® 

The period of infectivity of an active 
case is approximately 15 days, and the dis- 
ease 


with 


is probably spread by direct contact 
infected persons or materials.“ To 
date, treatment has been symptomatic, al- 
though a neomycin hydrocortisone ointment 
has been reported as effective.’°” 

To summarize the available data, it ap- 
pears that adenovirus, particularly Type 8, 
is largely responsible for epidemics of kera- 
toconjunctivitis of recent years. The symp- 
and 
findings simulate those of the epidemics of 
This that 
virus was probably related to the original 


tomatology clinical and laboratory 


earlier years. suggests adeno- 
epidemics but not necessarily the sole cause. 

2. Bacteria.—Pacteriologic findings of 
corneal disease probably vary with geog- 
raphy as well as with time. As late as 1940, 
pneumococci were most frequently found 
in central corneal ulcers.’°' In a_ recent 
bacteriologic survey of keratitis, Pseudo- 
monas aeruginosa was the organism most 
frequently isolated. Other organisms in- 
cluded micrococci, streptococci, hemophilic 
bacilli, and nonpathogenic — staphylococci. 
Mixed bacterial flora were not uncommon. 
Previous treatment, particularly with anti- 


biotics, appreciably decreased the incidence 
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of significant isolations. Another survey of 
1,812 bacteriologic examinations of ocular 
adnexa, vitreous, aqueous, and blood in in- 
fectious eye diseases revealed that Staphylo- 
coccus pyogenes var. albus was most 
frequently found, followed by Staphylococ- 
cus pyogenes var, aureus, streptococci, and 
Gram-negative rods." A comparison of 
the bacterial flora of traumatic ulcers in 
coal miners and nonminers revealed fewer 
pathogenic organisms the traumatic 
ulcers of the Although irido- 
cyclitis is the commonest ocular involve- 


miners, 


ment in brucellosis, a severe keratitis may 
also occur.'"* Extensive corneal damage is 
one of the characteristics of Pseudomonas 
ocular infections. This destruction may be 
due to a proteolytic enzyme secreted by 
the organism, which requires an appropriate 
protein substrate in the cornea for en- 
zymatic function, The proteolytic enzyme 
responsible for the corneal destruction is 
not necessarily inherent in all organisms.' 
Epidemic conjunctivitis due to Koch-Weeks 
bacillus may be effectively treated with local 
administration of penicillin, and prophy- 
lactic instillation of this drug will protect 
eyes exposed to the disease.'°6 However, 
prophylactic administration of antibiotics 
is usually impractical because of the exist- 
ence of many strains of bacteria resistant 
to most antibioties.!* 


3. Fungus.—Vungus infection should be 
suspected in all classic corneal ulcers, par 
ticularly if prolonged steroid or antibiotic 
therapy has been previously administered, 
Local administration of steroids and wide 
spectrum antibiotics apparently inhibit the 
growth of saprophytic organisms of the 
conjunctival sac and thereby disturb the bal 
ance between bacteria and fungi normally 
Very few effective antibiotics 
are available for such infections. Nystatin 
is probably the best for general use, but 
topically applied iodine solution may also 
be effective."*""* Trichomycin may be of 
value for ulcers infected with Candida albi- 


cans," and for shallow ulcers keratoplasty 
may be employed.''® 
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Hypersensitivity accounts for signifi- 
cant incidence of corneal disease. Super- 
ficial corneal ulcers have been related to 
cosmetics, chocolate, and exposure to pollen. 
Marginal ulcers are probably related to 
bacterial allergy, and interstitial keratitis 
and corneal clouding following keratoplasty 
are probably due to tissue hypersensitiv- 
ity."7 Phlyctenular keratitis has most often 
been attributed to tuberculin protein. Re- 
gardless of the exciting agent, this is most 
likely an allergic disease. On the North 
American continent the incidence is highest 
among the Eskimos and less among the 
Indians.14*""® In both groups there is a 
high ratio of tonsil and adenoid infection, 
drum and hearing abnormalities, and preva- 
lence of chronic upper respiratory infec- 
tions. 

The Arthus reaction is a specific antigen- 
antibody reaction which is characterized by 
severe localized necrosis and tissue slough 
following repeated injections of antigen. 
This reaction is easily demonstrable in the 
skin, but a corneal reaction has been ob- 
tained only when vascularization is present. 
However, recently the reaction was pro- 
voked in nonvascularized rabbit corneas 
after repeated injections of horse serum 
and egg white. This suggests that corneal 
vascularization is not necessary for produc- 
tion of the reaction as previously as- 
sumed.22®° However, such a conclusion is 
probably not warranted, since intracorneal 
injections of almost any substance will 
stimulate superficial stromal vascularization 
within a few hours. Therefore, in the 
above study vascularization probably was 
present even though microscopic."*! This 
rapid appearance of capillaries in the super- 
that 
exist in the corneal tissue which permit 


ficial stroma also suggests channels 


rapid extension of capillary buds. If this 


is correct, corneal edema may not neces- 


sarily be a forerunner of neovasculariza- 


tion, although edema probably enhances the 
rapidity and extent of vessel formation. 
Corneal neovascularization also occurs dur- 
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ing inflammation of the iris or ciliary body 
in the absence of edema.!?? 

In west Africa the differential diagnosis 
of punctate keratitis lies between epidemic 
keratoconjunctivitis, herpes simplex, and 
keratoconjunctivitis due to ocular oncho- 
cerciasis.'** The keratitis of these three 
diseases have similar characteristics. Some 
unusual types of keratitis include a bilateral 
corneal inflammation after total gastrectomy 
for carcinoma,'** corneal abscess following 
bee sting,’*° and chronic corneal edema 
from a grain of sand in the chamber 
angle.!*6 


III. Degenerations 
A. Dystrophies 


The hereditary degenerative diseases of 
the cornea may best be classified as gran- 
ular, macular, reticular (lattice), and atypi- 
cal. This classification is not universally 
accepted and has the disadvantage of being 
based on gross morphology rather than on 
pathologic change. Nevertheless, it is func- 
tional. These degenerative diseases have in 
common a hereditary background with onset 
in the first decade of life. Corneal involve- 
ment is always bilateral. 

Granular dystrophy is characterized by 
white granular glass-like opacities situated 
close to Bowman’s membrane. There is a 
clear zone between the opacities and the 
limbus. They are slowly progressive, and 
visual depression occurs late. Pathologically 
there is alteration in the epithelium, and 
masses of hyaline substances separate the 
epithelium from Bowman’s membrane. Nu- 
merous dehiscences are present in Bow- 
man’s membrane, and the nerve fibers are 
disrupted.’** Macular dystrophy is charac- 
terized by diffuse progressive clouding of 
the cornea. Centrally the lesions are situ- 
ated superficially, and peripherally they ap- 
pear in the deeper stroma. Visual acuity 
is affected early. Reticular dystrophy is 
distinguished by a network of linear stro- 
mal opacities. Decrease in vision occurs 
early. Dystrophic changes may occur in the 
nerve fibers in addition to the stromal alter- 
ations.'** Atypical dystrophy is hetero- 
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genous group probably containing variants 
of one of the three basic types, although at 
least some may be new entities. The list 
of atypical cases is fairly large.’** Some of 
the more recent cases that may be added 
to the atypical group are the following 
ones: 1, A dystrophy characterized by flat, 
discrete opacifications and small, bleb-like 
structures situated on Descemet’s mem- 
brane, which extrude into the aqueous. 2. 
A dystrophy limited to discrete opacities of 
the epithelium with no involvement of the 
stroma.'*! 3. A bilateral stroma dystrophy 
that is visible only on biomicroscopy and 
characterized by small, sharply delineated 
flat spots that occur at any depth. The spots 
vary in size, shape, and number and are 
diffusely disseminated over the entire 
cornea. The remaining stroma is clear. 
Visual acuity is unaffected.* 4. non- 
progressive dystrophy characterized by 
irregular, sharply delineated, stromal opaci- 
ties of various sizes and shapes, appearing 
in all layers of the cornea and most dense 
over Descemet’s membrane. Visual acuity 
is not impaired. 5. A progressive dystrophy 
that appeared in a 3-year-old child, associ- 
ated with subjective 
consisting of conjunctival hyperemia, bleph- 


severe symptoms 
arospasm, and corneal opacity. The corneal 
opacities became confluent and severely im- 
paired vision. The tissue changes consist 
of subepithelial fibrosis and severe damage 
to the epithelium, with disruptions in Bow- 
man’s 

Primary dystrophies of the cornea have 
also been noted in association with abnor- 
of the 


changes may involve ectodermal tissues as 


malities iris. These dystrophic 


well as mesodermal. Salzmann’s nodular 
dystrophy is essentially an acquired dys- 
trophy following local ocular disease.’*° It 
is most often unilateral but may be bilateral 
and is characterized by the appearance of 
an elevated lesion on the surface of the 
cornea. Clinically this lesion consists of 
scattered milk-white, crescentric opacities. 
A keratitis may be followed by a mosaic 


dystrophy without elevated lesions, which 
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distribution from 
nodular dystrophy.'** 
Crystalline degeneration of the cornea is 
a rare dystrophy, probably acquired and 
related to a systemic Jt 
may represent a variant of lipoid degenera- 
tion. Crystalline salts are scattered through- 
out the whole thickness of the peripheral 
corneal parenchyma. The central zones are 
clear. This disease is to be differentiated 
from cystinosis. Primary lipoid degenera- 
tion of the cornea is a rare dystrophy 
characterized by dense yellowish fatty infil- 
tration of the entire thickness of the 
stroma.'** Crystalline deposits may appear 
in the superficial layers. The disease is 
progressive, and ultimately the visual acuity 
is impaired. The fatty deposition may be 
related to increased blood cholesterol. Sub- 
epithelial calcium deposits occur pro- 
longed hypercalcemia which may ultimately 
reduce visual acuity.4° This deposition is 
reversible with control of the hypercalcemia. 
Dermochondrocorneal 


differs in Salzmann’s 


dystrophy involves 
multiple systems and is characterized by 
postnatal development of osteochondral de- 
formities of the hands and feet."! Later 
there is degenerative change in the skin, and 
finally corneal opacities develop. These con- 
sist of subepithelial, superficial central opac 
The 


visual 


ities which vary in size and_ shape. 
density increases, and ultimately 
acuity is impaired. 

Marginal corneal dystrophy is of un- 
known origin and is characterized by loss 
of stromal substance in the periphery.'* 
A groove paralleling the limbus appears 
within the clear cornea, and a marked thin- 
ning occurs at the base of the groove. The 
disturbance can be either unilateral or bi 
lateral. Ultimately corneal ectasia occurs 
with severe reduction in visual acuity.'44:4 
Although 
the etiology is unknown, it has been related 
to bacterial infection. 

Primary epithelial and endothelial dystro- 
phy of the cornea is relatively common 


Spontaneous rupture can occur. 


and accounts for a significant percentage 
of visual loss in the older age groups. En 
dothelial degeneration is probably the pri 


165/317 


A. 


mary site of involvement, for as long as the 
endothelium is sufficiently intact to maintain 
proper hydration of the cornea the changes 
in the stroma and epithelium do not appear. 
Stromal hydration and epithelial degenera- 
tion are secondary to the endothelial dam- 
age. The most characteristic changes are 
in Descemet’s membrane and _ endothe- 
lium.'°.'46 The endothelial nuclei vary in 
size and shape and are distorted by globular 
bodies of different sizes. The globular 
bodies on Descemet’s membrane may be 
intracellular cytoplasmic bodies of low 
density which enlarge, break the cell border, 
and fuse. In this manner the regular pat- 
tern of the normal endothelial cells is dis- 
turbed.“7 Clinically these globular bodies 
are seen as nodular excrescences on Desce- 
met’s membrane. In the most advanced 
cases the corneal lamellae are infiltrated 
with fluid and are separated. Even in nor- 
mal corneas endothelial cells are diminished 
in number with advancement of age.'** 
Keratomalacia may be considered an ac- 
quired dystrophy primarily involving the 
epithelial layers, with ultimate involvement 
of the stroma. This type of degeneration is 
related to a deficiency in nutritional factors, 
particularly vitamins. In the kerati- 
nizing epithelium of vitamin A-deficient 
mice, keratohyalin granules are most promi- 
nent in the superficial layers of the epithe- 
lium and absent in the basal layer.'®! 
Similar changes appear in other mucous 
membranes. In the process of cornification 
the cells of the epithelium become flattened 
and loosened from the layer beneath, with 
consequent loss of nuclei. Studies with the 
electron microscope suggest that the basic 
alteration is due to a disturbance in the 
cellular metabolism, which is expressed by 
production of keratohyalin granules. Pro- 
duction of the keratohyalin granules may be 
related to degenerative changes in the mito- 
chondria. Protein deficiency may also be a 
factor in the pathogenesis of keratomalacia, 
and such a deficiency may often accompany 
vitamin A Keratomalacia 
may also occur as a congenital defect.'™ 
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In keratoconus the pathologic changes are 
related to atrophy and degeneration of the 
central corneal stroma. The ectatic cone 
follows loss of tensile strength of the 
stroma, and the epithelial changes undoubt- 
edly are secondary manifestations. The 
pathogenesis of keratoconus and the pos- 
terior scleral ectasia of high myopia may 
be similar.°*!57 The precise mechanisms 
involved are not known, but in keratoconus 
there is some suggestion that endocrine dys- 
function is a [Intraocular pres- 
sure is not a primary factor. 


B. Tumors 


Carcinoma in situ (Bowen's disease) is 
a malignant degeneration of the conjunc- 
tival and corneal epithelium which has not 
extended beyond the limits of the basement 
membrane. The tumor is fairly common in 
elderly persons, and its development is 
usually preceded by chronic irritation with 
subsequent hyperplasia. Microscopic exam- 
ination shows proliferating pegs of basal 
cells. The cells vary in size, shape, and 
staining characteristics and show loss of 
polarity. Tumor giant cells and mitotic 
figures are common,'*! An inflammatory re- 
action is usually present in the substrate, 
while is often characterized by a lympho- 
cytic proliferation. Epithelial plaques may 
constitute an earlier stage of transition 
from the benign to the malignant.'6*:16* 

Treatment is variable. Simple excision is 
probably the most commonly chosen proce- 
dure. However, diathermy coagulation is 
safe and effective." Irradiation is also 
advocated, although the effectiveness of this 
type of therapy is somewhat controver- 
sial.’ Lamellar keratoplasty has been per- 
formed with success. 66-165 

When the malignant growth extends be- 
yond the confines of the basement mem- 
brane and invades the adjacent tissues, it 
may be considered a frank squamous-cell 
carcinoma. These tumors are prone to grow 
slowly but will invade and destroy the cor- 
neal and scleral stroma. They usually re- 
spond well to irradiation but may be 
adequately treated with simple excision or 
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simple excision and keratoplasty. If they 
become too extensive, enucleation or ex- 
enteration is 

In some respects precancerous melanosis 
is analogous to Bowen’s disease, since they 
are both carcinomas in situ.!7°1!7! Both ulti- 
mately extend beyond the limits of the epi- 
thelium to invade adjacent structures. They 
precede malignant melanoma in in- 
stance and squamous-cell carcinoma in the 
other. Primary malignant melanomas of 
the conjunctiva and cornea are exceedingly 
rare, and they may arise from preexisting 
benign nevi.!7*!" Malignant melanomas of 
the cornea and bulbar conjunctiva have usu- 
ally been considered as highly malignant. 
However, this attitude is probably incorrect, 
since long survival is not uncommon in the 
small series available for study.'7 How- 
ever, tumors are prone to recur locally in 
spite of repeated excision.’ When the 
tumor is small the treatment of choice is 
local excision. Diathermy coagulation has 
also been advocated.'7* 

Nevoxanthoendothelioma is a_ histiocytic 
tumor occurring predominantly in the skin 
and occasionally elsewhere, including the 
eye. It is almost exclusively limited to in- 
fants and children. In previous reports the 
ocular lesions have appeared on the iris. 
However, the tumor may occur on_ the 
external surface of the globe, such as the 
limbus.1*8 

Of the benign tumors of the cornea and 
conjunctiva, pterygia are probably the com- 
monest and often the most difficult to man- 
age. Since the pathogenesis of this lesion 
is not understood, treatment to date has 
been largely empirical. This lesion is com- 
monest in hot dusty environments. This 
suggests that it may be a nonspecific tissue 
response to repeated insults from chronic 
irritation. There is some evidence relating 
pterygia to other disturbances of the lids 
and ocular adnexa, Meibomian 
inflammatory granulations, 
roughness of the lid margin, and chalazia.2™ 
I-xcessive exposure to ultraviolet light may 
be a causative factor in the development of 
these diverse lid abnormalities and, there- 


such as 
concretions, 
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fore, only indirectly responsible in the gene- 
sis of pterygium. It is difficult to conceive 
of a virogenic origin, as has been sug- 
gested,'®® because of limitations in anatomi- 
cal distribution of this lesion. Neither of 
the above explanations accounts for the rare 
appearance of congenital pterygium.'™! 
Several methods of surgical treatment for 
simple pterygia are available, most of which 
are effective. Most often simple excisions 
or transplantations are 
However, the problem of recurrent pterygia 
is more difficult. Excision and postopera- 
tive irradiation is most often effective but 
not without hazards. Mucous membrane 
grafts from either the buccal surfaces or 
elsewhere on the globe 
However, 


be suffi- 
grafts are 
easily reinvaded with neovascular tissue, 


may 
these 


and the incidence of recurrence is appreci- 
ably higher than by other methods. Lamel- 
lar keratoplasties are very effective.'%® The 
rationale for this procedure appears to be 
excellent. Since the lesion is basically a 
disease of the corneal stroma, it appears 
logical that replacement of the diseased 
tissue by new stroma should eliminate the 
tendency for regeneration. A unique and 
supposedly effective method consists of ex- 
cision of the pterygium followed by a kera- 
tome into the anterior chamber 
transecting the path of the lesion. The 
resulting sear and section of a hypothetical 
trophic nerve is thought to inhibit the ten 
dency to revascularization.'** There is some 
difference of opinion regarding the effect 
tiveness of irradiation, but when applied it 
is most effective postoperatively.1* 


incision 


IV. Surgery 
A. Wound Healing 


Of the factors involved in_ the 
genesis of a corneal scar, one of the more 
controversial relates to the origin of the 


cellular elements 


many 


involved. Hypothetically, 
tissue reaction to injury and repair should 
parallel similar reaction occurring — else 


where and should be modified only by the 
When soft 


environment in which it occurs. 
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tissues are injured, chemotactic substances 
are presumably released from damaged 
cells, stimulating an inflammatory reaction. 
This is characterized by an influx of poly- 
morphonuclear leukocytes from the periph- 
eral blood stream, macrophages from the 
blood stream and adjacent tissues, lympho- 
cytes, and fibroblasts. These cells are all of 
mesodermal origin. However, in corneal 
wounds there are differences of opinion 
regarding the origin of these cells. The 
controversy hinges largely on the ability 
of adjacent corneal cells to undergo trans- 
formation from one type to another (meta- 
plasia). For example, from studies of 
experimental wounds, stromal cells are 
thought by some to be capable of metaplasia 
to leukocytes, lymphocytes, and fibroblasts, 
and epithelial and endothelial cells are capa- 
ble of transition to fibrocytic tissue.11% 
However, the concentration of leukocytes in 
traumatized stroma in aleukemic animals 
parallels the reduced white cell count. This 
suggests that these cells must originate from 
the blood stream, leukemia should 
have no effect on inflammatory cells if they 
arise by metaplasia. When flat prepara- 
tions of the cornea are examined microscop- 
ically, the stromal cells appear to be long 
and have many straight processes. These 
processes intertwine to form a syncytium, 
and the spaces between are filled with regu- 
lar layers of corneal lamellae. After injury, 
cellular changes occur rapidly. The stromal 
cells lose their long, straight processes and 
their interconnections. Some degenerate, but 
surviving cells assume short-branched for- 
mation. These altered stromal cells are 
capable of migrating into the area of injury 
and bridging the defect. Invading lympho- 
cytes and leukocytes are also present, but 
they appear to originate from the perilimbal 
vessels and to migrate to the area through 
preexisting channels in the stroma (Bow- 
man’s canals). libroblasts are also present, 
but these differ from the connective tissue 
cells of stromal origin and maintain a mor- 
phologic difference even in maturity. 
Neovascular buds extend into the cornea 
from the limbal vessels and do not appear to 


since 
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be formed from corneal stromal cells.!* 
Opposite opinions regarding the origin of 
neovascular buds have been made. On 
microscopic examinations of vertical sec- 
tions, fibroblasts appear within the first 12 
hours after injury and increase rapidly 
until they are too numerous to count in 
an oil-immersion field at 120 hours. They 
appear to originate first from stromal cells 
and later from monocytes which have mi- 
grated in from the limbus. Despite the 
difference in origin these fibroblasts appear 
morphologically indistinguishable.'°° 
blast activity is decreased in the absence 
of epithelium and does not reach a normal 
rate until the epithelial surface has been 
restored. Removal of the epithelium ap- 
pears to disturb the corneal stromal cells, 
which the investigators feel are an impor- 
tant source of fibroblasts. Release of hista- 
mine at the wound site is thought by some 
to inhibit healing. However, induced cor- 
neal wounds treated by antihistamine are 
adversely affected.1% 

When endothelium is damaged, regenera- 
tion is not evident until 24 hours after 
injury, but by 48 hours a_ well-defined 
endothelial layer covers the defect. Regen- 
eration occurs both by mitotic and amitotic 
division. The endothelium continues to pro- 
liferate until the posterior corneal gap is 
filled. The portion between the stromal 
edges is gradually replaced by fibrous con- 
nective tissue. This portion originates 
either by metaplasia of endothelial cells or 
by replacement from the stroma. Formation 
of new Descemet’s membrane is not evident 
in the first three weeks, but after 90 days 
it is about 50% of its original thickness, 
after which no visible increase occurs.'**:'%" 

Dehiscences in the epithelium are closed 
by a mechanical sliding of the adjacent epi- 
thelium over the denuded surface.*°’ This 
process one hour after 
injury and is later reinforced by increased 
epithelial proliferation. The cells will spread 
along any smooth surface, including crev- 
ices or cut edges, until the defect is closed. 
This growth characteristic of the epithelium 
is important to ophthalmic surgeons, since 


is evident within 
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epithelium tends to grow along fistulous 
tracts, suture tracts, or gaping wounds and 
accounts, in part, for epithelization of an- 
terior chambers. 


B. Keratoplasty 

While keratoplastic techniques have be- 
come fairly well standardized, several prob- 
lems of major proportions are far from 
solved. These include, among others, the 
fate and role of the various corneal tissue 
planes, the role of the antigen-antibody re- 
action in delayed clouding, and adequate 
prolonged storage of donor material. 

Opinions differ concerning the ultimate 
fate of the graft, ranging from little or no 
replacement to complete replacement of all 
constituents by the host cornea. Histologic 
studies of successful human grafts obtained 
after death reveal no structural differences 
from normal 
of lamellar grafts 


This is also true 
in experimental ani- 
mals.*°3 Histologic examinations at differ- 
ent time intervals reveal that the majority 
of stromal cells survive. The only patho- 
logically altered stroma cells are those ad- 
jacent to the wound in both the donor and 
the host cornea. However, judging from 
growth characteristics alone, host epithelium 
must be capable of resurfacing donor tissue. 
Clinically this has been noted on many occa- 
sions, but it is questionable whether replace- 
ment of intact donor epithelium always 
occurs. Metabolic studies of host and donor 
tissues support the above observations. In 
normal corneas radioactive sulfur tagged to 
ground substances has a biologic half-life 
of approximately 32 days. In a successfully 
transplanted graft this radioactivity de- 
creases to one-third of the 
within two The 
then returns to normal. 


normal value 


weeks. elimination rate 
This decline indi- 
cates loss of some constituent of the ground 
substances, probably protein and mucopoly- 
saccharide. Similar experiments tagging the 
cellular structures reveal a considerably in- 
creased rate of cell death after keratoplasty. 
On examinations 
cell death and regeneration is evident but 


there is no change in the lamellae or Desce- 


simultaneous histologic 
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met’s membrane. The findings suggest that 
ground substance and cells may be replaced 
in part by the host but that the stroma 
fibers and Descemet’s membrane remain 
intact. Radioactive S*° uptake by the graft 
is initially reduced, but the uptake of the 
host cornea is also diminished in the area 
adjacent to the corneal wound. Recovery 
follows the same pattern as in the graft. 
The rate of synthesis of sulfomucopolysac- 
charides is not increased in the graft im- 
mediately after keratoplasty, despite loss of 
ground substance. Since mucopolysaccha- 
rides are rapidly eliminated from the graft 
and immediate postoperative synthesis is 
diminished, a net loss of mucopolysaccha- 
rides must be assumed. Apparently there 
is a mucopolysaccharide and protein deficit 
for the first few weeks after surgery.20420° 
To summarize, it appears that no replace- 
ment of stromal fibers and Descemet’s 
membrane takes place. There is partial re- 
placement of the ground substance and 
stromal cells and probably complete replace- 
ment of epithelium and endothelium.*"* 
Delayed clouding of the graft has been 
most often attributed to an antigen-antibody 
reaction between the donor and host. Cor- 
neal vascularization is thought to be neces- 
sary for the reaction to take place. This 
concept has been supported by experiments 
which were designed to stimulate sensitiza- 
tion to penetrating corneal homografts by 
previous implantation of tissues in the re 
cipient. The incidence of clouding in the 
sensitized animals has been higher than in 
controls. However, the incidence of cloud- 
ing of interlamellar grafts in sensitized and 
nonsensitized animals shows no significant 
difference. This discrepancy may be due 
to the influence of aqueous on the penetrat- 
ing grafts, since aqueous appears to contain 
antibodies.2°%7"" Ordinarily an immune re 
action will destroy sensitized tissues two to 
When 


corneal homografts are buried in the lateral 


three weeks after the implantation. 


body wall of both sensitized and nonsensi- 
tized guinea pigs, an atypical reaction 1s 
observed. The cornea appears to act more 
like which behaves 


cartilage, differently 
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than other tissues and survives much long- 
er. Instead of being destroyed, the corneal 
grafts tend to form cysts, and the epithe- 
lium of these cysts may be preserved for 
periods up to three months. Also the leuko- 
cytic, lymphocytic, and fibroblastic infiltra- 
tion normally found in the destruction of 
unacceptable homografts is absent.*'® These 
observations suggest that corneal tissue may 
have very low antigenic properties. It ap- 
pears that the exact relationship of antigen- 
antibody reaction to delayed clouding of 
the cornea is yet to be established. 

Corneal heterotransplants have been 
largely unsuccessful. When chicken corneas 
are grafted into rabbits, clouding occurs. 
However, when the chicken cornea is stored 
in rabbit serum for three days prior to 
transplantation, some success is attained.?"* 
Avian corneas appear to be better tolerated 
in rabbit eyes than mammalian corneas by 
lamellar and interlamellar methods. There 
is a possibility that a phylogenetic relation- 
ship exists, and the further apart the donor 
and recipient are phylogenetically the less 
likelihood of donor-recipient reaction.*"* 
The corneal epithelium may also be an in- 
fluence. In a small series of laboratory 
animals a larger number of successful 
homografts was obtained when the host 
epithelium had been removed.?!* Tissue re- 
action to interlamellar grafts is also greater 
when the epithelium is attached.?"* 

Long-term storage of corneas still remains 
a problem and to date has not been ade- 
quately solved. Probably 15% glycerin 
(glycerol) and saline is the best medium 
now available. Glycerin apparently protects 
the corneal tissues from the harmful effects 
of freezing and thawing.*"? Glycerin-fro- 
zen corneas maintain their viability over 
three months, and the stored grafts may 
remain clear indefinitely.2"* The relationship 
of viability to temperature appears to be 
significant. Corneas stored at 4 C reveal 
much greater protein degeneration than 
corneas stored below 0 C.?!?2° low 
freezing temperatures degradation of both 
nuclear and cytoplasmic nucleic acids is re- 
duced.**! The pH of the storage solution is 
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also a factor. Endothelial viability is maxi- 
mum at pH 8.8, although oxygen uptake is 
still reduced.**? Successful grafts have been 
obtained in humans after (1) short-term 
freezing of the donor cornea,?**:2*4 (2) stor- 
age in glycerin for as long as_ nine 
months,?*° and (3) short-term storage in 
a solution of intradex, dextrose, phenol red, 
chloramphenicol, streptomycin, and nutrient 
agar.**6 A lyophilized cornea is one that is 
dehydrated under a vacuum and kept hermet- 
ically sealed. This method of storage has 
promise and has been used successfully in 
lamellar keratoplasties.?27 

While present surgical techniques are 
fairly well standardized, suggestions for re- 
finement frequently appear in the literature. 
In an effort to reduce the incidence of lens 
injury, trephines have been devised which 
prevent too great a penetration and loss of 
the anterior chamber entry into the 
eye.**8.229 Postoperative air injection into 
the anterior chamber has been suggested as 
a means of reducing the incidence of glau- 
coma.**° This may also reduce excessive 
hydration of the graft by physical separa- 
tion of the two media. Better protection of 
the graft surface may be obtained by 
installation of a rubber condom.*4! The 
membrane may have the additional advan- 
tage of improving fixation. 

The scope of keratoplasty as effective 
therapeusis has not yet been fully exploited. 
Penetrating grafts have been employed suc- 
cessfully for 


on 


intercalary staphyloma,?** 
corneal ulcer,?4* corneal 
dystrophies.*** Lamellar grafts have been 
employed with success in chronic corneal 
chronic herpetic 
recurrent  pte- 
rygia,”*° and marginal corneal dystrophy.?"! 
Total penetrating grafts remain hazardous 
but may be of tectonic value.*** 


perforated 


V. Pharmacology 
Inhibition of wound healing is often con- 
sidered an undesirable side-effect of local 
and systemic steroid therapy. In corneal 
wounds, at least, this inhibitory effect may 
be negligible. Also, factors other than ster- 
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oids may appreciably alter the progress of 
healing. For example, induced central cor- 
neal wounds heal less rapidly than peripheral 
wounds, and there is much less vascular- 
ization of the involved central site. There is 
some evidence that instillation of steroids 
does not inhibit the growth of the blood 
vessels, nor do steroids predispose the cor- 
nea to bacterial infection.?* However, once 
infection has occurred, steroid therapy may 
interfere with the usual tissue defense mech- 
anisms and allow for greater dissemination 
and increased intensity of the infection.244245 
All steroids are contraindicated in the early 
phases of dendritic ulcer (herpes sim- 
plex ),?*® but beneficial effect may be ob- 
tained in the later metaherpetic lesions, 
including disciform keratitis. Of the various 
steroids now available, fludrocortisone (flu- 
orohydrocortisone) probably exerts the 
most potent anti-inflammatory effect.24748 
Because of its severe toxic side-effects it 
cannot be administered systemically. How- 
ever, for inflammation of the cornea and 
anterior segment local instillations are suf- 
ficient. 

lor serious ocular infections the adminis- 
tration of a specific medication effective 
against the causative organism is most desir- 
able. Cultures and sensitivity tests provide 
the necessary information. This means a 
delay of several days even if laboratory 
facilities for such determinations are easily 
available. When it is necessary to start 
therapy immediately, cultures and scrapings 
should be obtained before administration of 
any antibiotic or sulfonamide, since identi- 
fication of the causative agent is handi- 
capped by therapy. In 
treatment temporary 


such nonspecific 
administration of a 
wide-spectrum antibiotic is most logical. Of 
the antibiotics, chloramphenicol, bacitracin, 
oxytetracycline (Terramycin) and erythro- 
mycin are most often used. Biomycin is 
effective against pneumococci, staphylococci, 
and streptococci.*4° Oleoandomycin is a new 
antibiotic which inhibits Gram-positive 
bacteria but has little effect on Gram-nega- 
tive bacteria, Rickettsia, or larger viruses.?5° 
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It has a spectrum equivalent to erythro- 
mycin but less than chloramphenicol and the 
tetracyclines. The drug is severely toxic 
when injected subconjunctivally. A locally 
administered tetracycline (Achromycin) is 
effective for tetanus, as are the other tetra- 
cyclines penicillin.*5! Chloramphenicol 
was found to be the only effective agent for 
a corneal graft with 
Gaffkya  tetragena tetra- 
genus ) 


infected 
( Micrococcus 


severely 


lor allergic inflammations of the cornea 
and conjunctiva, steroids plus an antihista- 
minic preparation may be superior. A 
metisteroid-antihistaminic drop ( Metreton ) 
is effective in reducing ocular inflammations 
and edema associated with allergies, includ- 
ing vernal conjunctivitis. However, a superi- 
ority of the combination over the steriod 
alone has not been established.*5*.254 

Local administration of steroid is  prob- 
ably the most effective treatment for in- 
terstitial keratitis.*°°*57 Of the steroids 
available, hydrocortisone may be superior. 
Treatment should be combined with systemic 
treatment of syphilis.2°%*°" While local ad- 
ministration of these drugs is effective for 
inflammation of the anterior segment of the 
eye, they do not affect progressive destruc- 
tive lesions involving the posterior seg 
ment.2® 

Superficial corneal opacities, particularly 
after trauma, may be beneficially affected 
by subconjunctival injection of hyaluroni- 

The treatment of Sjogren’s keratocon- 
junctivitis remains unsatisfactory. Some 
benefit has been observed following admin- 
istration of cocarboxylase and hormonal 
Transplantation of Stenson’s 
duct may give relief.2% However, local 
administration of artificial tears probably 
remains the common treatment of choice.*°° 

Prompt debridement of damaged corneal 
and conjunctival tissue without grafting may 
be advisable for chemical burns. This has 
the advantage of removing the offending 
agent, which may have impregnated the 
tissues, without introducing newer complica- 
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tions or hampering recovery.*** Debride- 
ment and simultaneous grafting of mucous 
membranes is also advocated.*** Subconjunc- 
tival injections of a mixture of the patient’s 
blood and penicillin may hasten reepitheli- 


zation of the cornea and regeneration of 


Cyclonine hydrochloride (4-N-butoxy-B- 
biperidinopropiophenone hydrochloride ) is a 
topical anesthetic with inherent bactericidal 
and fungicidal activity particularly when 
coupled with chlorobutanol.?7° Cornecaine 
( p-propyl-amino-benzoic ester of diethyl- 
aminopropandiol) is a well-tolerated topical 
anesthetic that is approximately seven times 
more active than cocaine.**! While the drug 
is not tolerated by subconjunctival injection, 
it is only slightly irritating when applied 
topically. It has little or no toxic effect for 
corneal epithelium. Sympocaine hydrochlo- 
ride is a topical anesthetic of low toxicity 
which is not irritating when instilled into 
the conjunctival sac.*7* Its anesthetic pro- 
perties compare favorably with tetracaine 
(Pontocaine). In general, anesthetics lose 
their effectiveness after prolonged adminis- 
tration. They are frequently toxic to the 
corneal epithelium and tend to inhibit re- 
generation, This toxic effect may be en- 
hanced when administered in the form of 
ointments.2*4 Of the various available topical 
anesthetics, Metacaine (piperocaine 2%) 
and Xylocaine (lidocaine 2% ) are probably 
the least noxious.?"4 

In order for irradiation to be effective it 
must be absorbed by the tissues being 
treated. Hence, high-energy radiations which 
pass through tissues and are absorbed at 
greater depths serve little purpose. B-radi- 
ation has low penetrating power and is best 
applied to superficial lesions. It acts by 
damaging the cell nuclei through ionization, 
and when sufficiently concentrated it can 
bring about the death of the cell.27> This 
therapeutic measure should probably be 
limited to those conditions that do not re- 
spond well to other measures.*7® Undesirable 
side-effects include telangiectasis, keratiniza- 
tion of the epithelium, atrophy of the sclera, 
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superficial punctate keratitis, corneal vascu- 
larization, scarring, and radiation cataract.?" 
With low-voltage radiation, such as B-radi- 
ation, opacities may be limited to sectors 
without general involvement of the lens. 
Corneal clouding associated with epithelial 
bullae, vesicles, and loss of sensitivity may 
be a delayed manifestation of irradiation.?"* 

Low-voltage x-ray has been reported as 
effective for epibulbar malignant melano- 
mata,?** vernal catarrh, superficial vascu- 
larization, hemangiomata, and papillo- 
mata.**.251 There is some difference of 
opinion concerning the advisability of 
irradiation for pterygium. It is probably 
most effective when applied postopera- 

Exposures to a variety of organic solvents, 
including xylol, toluene, sulfur gases, 
various acids and alkalis used in dyes, and 
ethyl and butyl acetates, induce corneal and 
conjunctival irritations, most of which are 
superficial and reversible. Punctate defects 
are common in the cornea and are accom- 
panied by mild photophobia, conjunctival 
hyperemia, and, occasionally, anesthesia of 
the cornea.****%5 Caustic burns may occur 
from introduction of products used for 
cleaning rust stains, particularly products 
containing metallic  fluoride.*8® Chronic 
dermatitis of the skin of the hands, lids, 
and conjunctiva occur in medical workers 
handling streptomycin.?*? Characteristic cor- 
neal lesions have been observed in workers 
engaged in the manufacture of hydroqui- 
none.2** A dark stain appears in the con- 
junctiva and cornea of these workers 
because of precipitation of brown pigment 
granules within the tissues. The long-range 
effects of exposure to this chemical is more 
serious because of structural alterations that 
appear in the stroma. A high degree of 
astigmatism may develop with alteration 
of the corneal curvature, simulating some of 
the characteristics of keratoconus. Chloro- 
quine is an antimalarial drug that has been 
found effective in the treatment of rheu- 
matoid arthritis. The drug has few toxic 
side-effects, although a blurring of vision 
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has been occasionally noted. Nevertheless, 
corneal changes do occur which consist of 
alterations in the epithelium. The early 
alterations appear as an irregular curved 
withish line in the epithelium below the 
level of the pupil. In more advanced lesions, 
these deposits are yellow.*** Blurring or 
mistiness of vision occasionally occurs. These 
effects usually disappear with discontinu- 
ance of the drug. Phenylbutazone ( Butazo- 
lidin) is another antirheumatoid drug which 
may induce vascularization of the cornea.*®° 

Introduction of even minute amounts of 
detergents or wetting agents into the ante- 
rior chamber during surgery increases the 
incidence of postoperative striate kerato- 
pathy. The detergent may enter the eye 
from contact with instruments 
wetting agents preoperatively.?"! 


soaked in 


VI. Sclera 


Traumatic scleral tears or ruptures may 
be masked by an undisturbed overlying 
conjuntiva, When suspected, an explora- 
tion and attempted repair is always indi- 
cated, since prolapse of uveal tissue is not 
infrequent.*** This type of tear most often 
occurs in the anterior segment, but with 
severe contusion the posterior wall may rup- 
ture. These ruptures are detectable with 
ultrasound equipment.*®* Echos from the 
site of perforation are reduced. Ordinarily 
scleral rigidity is not appreciably altered 
by tonography, although it is variable in 
both normal and diseased eyes. Scleral 
rigidity is decreased in high myopia and 
after diathermy and scleral resection.2®° The 
reduction in scleral rigidity in high myopia 
is probably due to a deficiency in the forma- 
tion of connective tissue fibrils of the sclera. 
Electron microscopy of collagen fibers in 
myopic staphylomata reveals an appreciable 
reduction in the size of the fiber. The fibers 
are narrower than normal and more widely 
spaced.7°® Other ocular changes following 
scleral resection include corneal hypoes- 
thesia 797 


ture.798 


and changes in corneal curva- 


Scleral plaques occasionally observed in 
the palpebral fissure area of elderly persons 
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are often referred to as hyaline plaques. 
They appear as punched-out, dark areas an- 
terior to the insertion of the recti muscle. 
These plaques are composed of calcium sul- 
fate (gypsum) and not hyalin.2® Appar- 
ently this type of tissue deposition of 
calcium sulfate is peculiar to the sclera. 
Scleromalacia perforans related to rheuma- 
toid arthritis is frequently distinguished 
from perforating scleromalacia following 
necroscleritis. The rheumatic variety of 
scleromalacia perforans differs from the 
nonrheumatic variety by the absence of in- 
flammatory reaction and long-standing arth- 
ritis. It is doubtful that such a distinction 
is valid.4°:3°! Scleritis and episcleritis are 
frequently considered metastatic sys- 
temic disturbances. However, the reverse 
can also be true; metastatic infections to 
other organs may originate from scleral in- 
fection.*°? Scleritis is frequently resistant 
to medical therapy. Repeated applications 
of fractionated doses of radiation may prove 
beneficial in resistant problems, provided 
they are not of tuberculous origin.*°% A 
significant increase in uptake of radioactive 
phosphorous may occur with scleral granu- 
lomas from brawny scleritis, which can be 
confused with neoplasms.*°* 
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CORNEAL DONOR SELECTION BY BLOOD TYPE 


To the Editor:—Having read the important paper about “Corneal Donor Selec- 
tion by Blood Type,” by Havener, Stine, and Weiss, A. M. A. Arcu. Oputu. 
60: 443-447 (Sept.) 1958, I thought it might be of interest to mention that the first 
to consider the possible connection between results of corneal transplantation and 
blood type was Anton Elschnig (Prag. med. Wcehnschr. 39:37-39, 1914). He sug- 
gested that in my report about 49 corneal transplantations performed by him be- 
tween 1908 and 1917 this question be considered (von Graefes Arch. Ophth. 99: 
349, 1919). At that time we considered the results of this particular study incon- 
clusive. However, the patient who showed a clear transplant during an observa- 
tion period of more than four years had blood type compatible with that of the 
donor, well in accord with the results reported by Havener and associates. 

K. W. Ascuer, M.D. 
University of Cincinnati College of Medicine (19). 


VISIT TO MOSCOW EYE INSTITUTE 


To the Editor:—-While visiting behind the Iron Curtain last July, I was invited 
to visit the Helmholtz State Scientific Institute for Eye Disease, known as the 
Moscow [ye Institute. A Canadian surgeon accompanied me. We spent an entire 
day with the director, Alexander Vassilyevich Roslavtsev, examining patients and 
seeing the physical setup. 

The U.S. S. R. has seven eye institutes, each specializing in a particular phase 
of eye care. The institute in Odessa carries on research in corneal transplants; the 
Moscow [ye Institute, the one which we visited, carries on research in glaucoma, 
trachoma, pediatric ophthalmology, and pathology. There are 73 other eye hospitals 
in Russia. 

We made known our desires to visit an eye hospital upon our arrival in Russia 
through our interpreter and Intourist, the official travel agency. On the third day 
we received an invitation to visit the director at the institute. 

We arrived at the hospital at about 10 a. m. by special car and interpreter, and 
after being properly gowned we were admitted to the director’s office, where we 
were introduced. The director talked to us for some minutes as to our activities at 
home, our practice, ete., apparently to establish that | was an ophthalmologist and 
certified in the United States. After | apparently passed his inquiry, he gave us a 
brief history of his institution. After this he asked us what parts of his hospital 
we might like to visit. 

Some of the surgery for the day had been completed, and muscle surgery was 
scheduled for midafternoon. First we were taken on a general tour through the 
hospital. The corridors were wider than ones normally found in similar institutions 
in the United States. They contained tables, chairs, and radios. The rooms where 
the patients were housed held six to eight beds end-to-end along the walls, with a 
small corridor in the middle. The patients slept in the rooms and spent most of 
their time in the hall. Here they played games at the tables, ate, read, and enter- 
tained themselves, reserving the rooms for lying down, relaxing, and sleeping. 

The attendants were dressed in white gowns or coats and caps. In the operating 
room white masks were worn. It was difficult for me to distinguish between doc- 
tors, nurses, maids, and orderlies. Over 90% of the ophthalmologists in Russia 
are women. | recognized their position only by introduction. 

The hospital showed many evidences of hard wear. The corridors were worn, 
and the furniture showed much use, but on the whole the institute was very clean 
and tidy. Things were very well organized. New hospitals are in the plans by 1960, 
but so far most of the building has been for education, factories, and housing. 

The operating room set-up with assistants and scrub nurses is similar to our 
American system. The diathermy and cautery instruments seemed to be larger and 
have more handles than any I have seen in the States. 
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The instruments used were largely of German or Russian manufacture. Many 
were stamped “Caemabo B CCCP.” Every conceivable type of instrument was 
available for use. For the first time in my life I saw an optical set-up where a slit 
lamp, keratometer, refractometer, and lensometer were mounted on a revolving 
table connected to a short straight table. The patient and examiner sat at the 
straight table and by a push of the hand each instrument could be rolled over on the 
straight table in position for examination without the operator or patient moving. 

Indirect ophthalmoscopy is practiced generally, although ophthalmoscopes were 
available similar to our May-head type. Retinoscopy under cycloplegic and glass 
examinations are similar to our methods employed in the States. 

I met practically all the physicians as we went from one department to another. 
They were very anxious for me to examine and look at the various patients. | saw 
several corneal transplants which looked weil done, with a 5 mm. trephine section. 
I examined two patients with retinal separations, one done by diathermy and scleral 
resection and the other by diathermy alone. | saw several squint patients where re- 
cession and advancement of the recti muscles was performed. 

Cataract patients showed good results after a combined operation. Sutures are 
being used in some cases but probably not as much as in the United States. The 
pathologist was very anxious to discuss this with me and, after some trouble with 
the interpreter, said that her findings indicated that the way to close the wound 
was with corneal or corneoscleral sutures. 

Several uveitis patients were examined. Popular methods of treatment include 
elimination of the focus of infection, cortisone therapy, and fever induced with 
hot tea and blankets. 

One patient kept following me through the corridors and finally spoke perfect 
English. I believe he, as most English-speaking Russians we met, was anxious to 
practice his English on me. He told of being imprisoned in Germany with two 
American fliers who over a three-year period taught him English, while he in turn 
taught them Russian. 

We visited each research department. The glaucoma division was of great in- 
terest. Much work is being done in this field. Here four out-patient beds were 
reserved for glaucoma suspects. The patients slept in over night and returned to 
work by day. During their stay the tension was checked several times. Light- and 
dark-adaptation rooms were available where pressure was studied under various 
influences. Iridectomy seemed to be the operation of choice, at it is in much of 
America. 

The pathological department impressed me very much, Specimens were displayed 
effectively in glass containers on transparent shelves in the center of the laboratory. 
This display reminded me of similar exhibits in the Army Institute of Pathology, 
Washington, D. C. The director was very proud of his electronic microtome and 
microscope and with a great deal of pride wished to demonstrate them to me. 

Contact lenses are fitted solely by women doctors. Scleral lenses seemed to be 
the ones of choice, the corneal lenses being reserved mainly for dress and evening 
wear. 

The need for glasses seems much less than in other countries. Lenses are not 
ordered for minor prescriptions. The patient is required to pay for the glasses, 
which are reasonably expensive, probably explaining the few glasses worn on the 
streets. Examinations are conducted by the clinics at no cost to the patient. 

The doctors were very friendly and congenial and wished to talk to us about all 
phases of medicine, including salaries, hospital duties, and horrs worked. No 
physician has a private practice. They are all salaried by the state, as are all of the 
attendants. There are no volunteer workers in the hospital. The general doctor 
works six hours a day; the specialists and director of the institute work five, and 
the surgeon works four. 

Our visit was concluded late in the afternoon, after lunch. Director Roslavtsev 
informed me that I was one of the first Americans to visit his hospital in many 
years and that he felt greatly honored by my presence. 

LAWRENCE C, Fisner, M.D. 
469 W. Market St. 
York, Pa. 
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EDWIN FORBES TAIT, M.D. 
1894-1958 


Dr. Edwin Forbes Tait died at Montgomery Hospital, in Norristown, Pa., on 
Sept. 23, 1958. His sudden death was unexpecied, even though he had not been in 
the best of health during the previous month. He will be greatly missed by all who 
were fortunate enough to know him. Dr. Tait was born in Philadelphia, on Aug. 
25, 1894. He acquired his preliminary education at Philadelphia Central High 
School and at Brown Preparatory School. He received his A.B. degree from 
Temple University, in 1924 and his Ph.D. degree in physiologic optics from the 
University of Pennsylvania, in 1932. He also studied optics under Von Rohr at 
the University of Jena, in Germany. 


EDWIN FORBES TAIT, M.D. 
1894-1958 


Dr. Tait was unselfishly devoted to the welfare of mankind. His genuine con- 
cern for the patient’s welfare became manifest early in his career, when he aban- 
doned a large optometric practice to study medicine in order that his services to his 
patients could be of the highest order. He matriculated at the University of Minne- 
sota School of Medicine, from which university he received his M.D. in 1940. Since 
his goal from the outset was ophthalmology, he closely associated himself with that 
department during the four years which he spent in medical school. 
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After graduation from medical school, he returned to practice ophthalmology at 
his home, in Norristown, Pa. He became associated with the Department of Oph- 
thalmology at Temple University Medical School, in Philadelphia, where he held 
the position of Professor of Clinical Ophthalmology at the time of his death. He 
was also Chief of Ophthalmology at Montgomery Hospital in Norristown. He was 
certified by the American Board of Ophthalmology. Dr. Tait was a member of the 
American Academy of Ophthalmology and Otolaryngology, the American College 
of Surgeons, the Philadelphia College of Physicians, the Association for Research 
in Ophthalmology, the Pennsylvania Academy of Ophthalmology, and the Pan- 
American Association of Ophthalmology. He was Vice President of the Pennsyl- 
vania State Medical Society, a co-founder of the National Medical Foundation for 
Eye Care, past-president of the Montgomery County Medical Society, and Presi- 
dent of the Board of Trustees of the Montgomery County Medical Society. He was 
a co-instructor of the Home Study Courses in Ophthalmology of the American 
Academy of Ophthalmology. 


Dr. Tait was a member of the Central Presbyterian Church of Norristown, where 
he was a teacher of the Men’s Bible Class. He was a member of St. Paul’s Lodge 
481, I. and A. M., Philadelphia ; Norristown Royal Arch Chapter No. 190; Hutch- 
ison Commandery, and Lulu Temple. 

Dr. Tait possessed a keen intellect and an analytical mind. This was displayed in 
his lucid literary style, in his mathematical approach to clinical problems, and in 
his close conformity to the established principles of the natural sciences in his 
original contributions to the literature. The most notable of these was his clearly 
written and authoritative textbook on refraction. 

Dr. Tait developed a large practice composed of truly devoted patients. He 
never permitted his practice to interfere with his teaching program, an endeavor 
which he conducted with unusual enthusiasm and success. He was esteemed by 
residents and staff alike because he always had the time for and the answer to 
their problems. His broad knowledge of all branches of optics made him at his 
best in refraction. Patients came from remote parts of the country to avail them- 
selves of his skill in the difficult field of the visual aids. While his principle inter- 
ests were in the fields of optics and neurophysiology of the extraocular muscles, he 
became a skillful ophthalmic surgeon. Dr. Tait, or Id Senior, as he was affection 
ately known in the clinic, was passionately concerned about the profession’s com 
placency toward encroachment of others on the practice of ophthalmology, a cause 
to which he gave more strength than he possessed. In all his varied activities his 
principle concern was unselfishly directed to the welfare of others. His purpose, 
his attitude, his ideals, and his way of life set a truly benevolent pattern, the emula 
tion of which would profit many. 

He is survived by his devoted wife, Arita .. Copp Tait, and two sons, Richard 
C. and Dr. Edwin C. Tait. 


Ed Tait will be truly missed by his patients, his colleagues, and his family not 


only because he was an outstanding person and an outstanding physician but also 
because of his warm and pleasant personality which he so delightfully combined 
with an unusual degree of professional proficiency and dignity. 

GLEN G. Gipson, M.D. 
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GENERAL NEWS 


Two Illustrations from Exhibit Shown at San Francisco.— The accompany- 
ing electron micrographs are from the exhibit “The Ciliary Epithelium as Seen 
with the Electron Microscope” by Drs. G. D. Pappas and G. K. Smelser, of 
Columbia University College of Physicians and Surgeons. The exhibit won 
honorable mention at the American Medical Association Meeting at San lrancisco, 
June, 1958. 

Plate 1.—Portions of two adjacent ciliary epithelial cells (from adult albino 
rabbit) showing complex interdigitations (A) of their boundaries. Infoldings (B ) 
of the surface facing the posterior chamber (PC) are also shown. The surface of 
the epithelial cells facing the posterior chamber (PC) is lined with the internal 
limiting membrane (/). Zonular fibrils (Z) enter the internal limiting membrane 
but do not penetrate any closer to the epithelial cells. Elements of the endoplasmic 
reticulum (/:k}) as well as mitochondria (7) are evident in the cytoplasm of these 
cells. 18,000. 

Plate 2.-A portion of two ciliary epithelial cells from adult albino rabbit, facing 
the posterior chamber. Complex indigitations (4) of the boundary of these cells 
is evident. The surface of these cells is lined with the internal limiting membrane 
‘ (7). Oblique profiles (at O) of the internal limiting membrane show that it is made 
: up of condensation of zonular fibrils (7). Elements of the endoplasmic reticulum 
as well as mitochondria (./) are evident in the cytoplasm. 22,000. 


ANNOUNCEMENTS 


Gill Memorial Eye, Ear, and Throat Hospital Annual Congress in Ophthal- 
“q mology.-The Gill Memorial Eye, Ear, and Throat Hospital, Roanoke, Va., 
will hold its 32d Annual Spring Congress in Ophthalmology and Otolaryngology 
and Allied Specialties, April 6-11, 1959. The following guest speakers are among 
those invited to attend : 

Joseph P. Atkins, M.D., Philadelphia = Wendell L.. Hughes, M.D., Hempstead, 
Walter S. Atkinson, M.D., Watertown, 


N.Y, John H. King, M.D., Washington, D. C. 
Kenneth D. Bailey, M.D., Fairmont, T. Keith Lyle, M.D., London, England 
W. Va. George T. Nager, M.D., Baltimore 
William L. Benedict, M.D., Rochester, Robin M. Rankow, M.D., New York 
Minn. Kenneth L. Roper, M.D., Chicago 
I*. Willson Daily, M.D., Roanoke, Va. © A. D. Ruedemann, M.D., Detroit 
Windsor S. Davies, M.D., Detroit Russell A. Sage, M.D., Indianapolis 
Jeff Davis, M.D., New York Jules G. Waltner, M.D., New York 
Surg. Gen. B. W. Hogan, U. S. N., Edgar N. Weaver, M.D., Roanoke, Va. 
. Washington, D. C. Walter L. Winkenwerder, M.D., 
op Bayard T. Horton, M.D., Rochester, Baltimore 
Minn. 


Course in Industrial Eye Problems. Industrial Eye Problems, a four-day 
course in eye care and industrial eye programs, will be presented by the Institute 
of Industrial Health and the Department of Ophthalmology of the University of 
Cincinnati on March 9-12, 1959. The course will be open to physicians only, with 
preference given to men in active industrial practice. The objective of the course is 
to furnish the industrial physician with up-to-date information regarding eye care 
in industry. i 


lhe course will include basic principles of ophthalmology as well as the practical 
4 aspect of an industrial eye program. 
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Plate 1 (See first news item) 
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2 Plate 2 (See first news item) 
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In addition to the members of the faculty of the University of Cincinnati, guest 
faculty will include persons well known in the fields of ophthalmology and indus- 
trial ophthalmology. 

For additional information and application, write Secretary, Institute of In- 
dustrial Health, Kettering Laboratory, Eden and Bethesda Ave., Cincinnati 19. 


Annual Congress of the Ophthalmological Society of the United Kingdom. 

The Annual Congress of the Ophthalmological Society will be held at the Royal 
Society of Medicine, 1 Wimpole St., London, W.1, on April 9-11, 1959. 

The Presidential Address will be delivered by Mr. R. C. Davenport. 

The subject for discussion will be “The Swollen Optic Dise.” This will be 
opened by Dr. S. P. Meadows and Mr. D. P. Greaves. Members who wish to take 
part in the subsequent discussion are advised to intimate their intention before the 
opening of the Congress. It is emphasized that no member may speak for more 
than 10 minutes. 

There will also be a short symposium on “The Treatment of Ocular Injuries.” 
The speakers will include Mr. M. J. Roper-Hall and Mr. John Whitwell. 


The 1959 Bowman Lecture will be delivered by Prof. Louis Paufique, of Lyons. 


Courses at The Mount Sinai Hospital._The Mount Sinai Hospital of 
New York, together with Columbia University, is giving the following courses: 
“The Use of the Schepens’ Ophthalmoscope,” March 10 to 26, 1959, and “Histo- 
pathology of the Eye,” April 1 to 24, 1959. Complete information can be obtained 
from the Registrar for Medical Instruction, The Mount Sinai Hospital, 1 I. 
100th St., New York. 


Course in Ophthalmic Plastic Surgery..-A three-week intensive course in 
Ophthalmic Plastic Surgery will be conducted in New York from April 23 to May 
15, 1959. 

The course will consist of lectures, sessions in doctors’ offices, preliminary and 
follow-up cases that are operated on during the time of the course, moving-picture 
demonstrations of various ophthalmic plastic procedures, observation and assistance 
at the operating table on actual surgical cases, cadaver work, and lectures and 
demonstrations, and ancillary subjects, such as photography, pathology, and x-ray 
and radiation. 

The course will be limited to eight students and will be given at the New York 
Ikye & Kar Infirmary, Manhattan Kye, Kar & Throat Hospital, and the Hempstead 
General Hospital. The fee will be $250. 

Anyone interested should contact the Registrar of the New York Eye & [ar 
Infirmary Post Graduate School or any of the following persons: Dr. Wendell 
L.. Hughes, Hempstead, N. Y.; Dr. Byron C. Smith, New York, or Dr. J. Gordon 
Cole, New York. 


Annual Meeting of Oklahoma City Academy of Ophthalmology and Oto- 
laryngology.— The annual spring meeting of the Oklahoma City Academy of 
Ophthalmology and Otolaryngology will be held March 12 and 13, 1959. The guest 
lecturers in ophthalmology are Dr. Michael J. Hogan, of San Iranciseo, and Dr. 
Ralph O. Rychener, of Memphis, Tenn, The guest speaker in otolaryngology will 
be Dr. Ramon del Villar of México, D. Ff. For further details communicate with 
Dr. kk. Norris Robertson Jr., 301 N. W. 12th St., Oklahoma City. 


University of Michigan Annual Ophthalmology Conference._-The annual 
Ophthalmology Conference at the University of Michigan will be held April 20-22, 
1959, under the direction of Dr. Ff. Bruce Fralick, Chairman of the Department 
of Ophthalmology. 

Applications may be addressed to the Department of Postgraduate Medicine, 
University Hospital, Ann Arbor, Mich. 


Postgraduate Course in Ophthalmology at The Ohio State University. .\ 
postgraduate course in ophthalmology will be given at The Ohio State University, 
Columbus, Ohio, March 2 and 3, 1959. The meetings will take place in the Ohio 
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Union Building. Registration and the program of March 2 will take place in the 
Conference Theater. 

‘The speakers will be Drs. Pau' A, Chandler, Boston; William H. Havener, 
Columbus, Ohio; Wendell L. Hughes, Hempstead, N. Y.; Ralph O. Rychener, 
Memphis, and Samuel Saslaw, Columbus, Ohio. 

The program on Monday will include “Fundus Pictures of Interest,” by Dr. 
Havener ; “Lacrimal Apparatus,” by Dr. Rychener ; “Primary Glaucoma,” by Dr. 
Chandler; “Management of Eye Injury,” by Dr. Hughes; “Modern Antibiotic 
Usage,” by Dr. Saslaw, and “The Future of Ophthalmology,” by Dr. Rychener. 
The program on Tuesday will include three movies: “Save Your Sight,” “The 
Taxpayer,” “Case Closed,” and “Management of Eye Injury,” by Dr. Hughes; 
“Secondary Glaucoma,” by Dr. Chandler; “Specific Reading Disability,” by Dr. 
RKychener, and “Congenital Cataracts,” by Dr. Chandler, 

The registration fee is $20, and registration by mail is desirable. Address all 
inquiries to Dr. William H. Havener, Department of Ophthalmology, University 
Hospital, Columbus 10, Ohio. 


Course at the University of Cincinnati. The incidence of eye injury and 
the question of work ability of persons with visual impairment, as well as the 
initiation and management of eye protection programs, is a problem of major 
importance in the field of industrial medicine. The training of the industrial 
physician in ophthalmology and in the management of eye safety programs has 
generally been neglected. Though he may be an expert in the properties of various 


chemicals and their action on the body, though he may be familiar with the effect 
of trauma on other parts of the body and the proper method of treating injuries 
of an orthopedic nature, more often than not the problems of eye protection and 
eye care have not been dealt with in his course of training to any great extent. 
In an effort to overcome this rather obvious deficiency, The Institute of Industrial 
Health and the Department of Ophthalmology of the University of Cincinnati are 
presenting a four-day course entitled “Eyes in Industry” on M 


arch 9-12, at the 
University of Cincinnati. 

Many of the eye problems which arise in industry are somewhat different than 
the problems as they are seen outside of industry. Questions of administration 
are not the least of the problems which arise. How shall the eye safety program 
be instituted and who shall administer it after its initiation in an industry? Shall 
the company pay for refraction when they require the wearing of safety glasses? 
What type of emergency facilities should be available for eye care in todays’ in- 
dustry? What type of examination is required and how should this examination 
vary, dependent upes the type of industry and the type of activity which the 
employee will be doing? What type of activities should be available for people 
with impaired vision? These are only a few of the many questions which arise in 
the day-to-day activity of an industrial medical department. It is in an effort to 
answer these questions that this course is to be presented. 

All too often it has been the complaint of the industrial physician that the 
ophthalmologist is not truly aware of the problems of industry. The pat answer 
is not necessarily the correct answer, and the management of many of these 
problems in industry may have to be somewhat different than would seem to be 
the case at first glance to the physician outside of industry. The physician speciai- 
izing in eye problems, the ophthalmologist, might well take a long glance at these 
problems in order to see whether adequate service is being rendered in and for 
industry and the industrial employee and whether the present methods in use in 
industry are actually the best methods. 
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Clinical Neuroanatomy, Neurophysiology and Neurology, with a Method of 
Brain Reconstruction. By Louis Hausman. Price, $9.75. Pp. 522. Charles 
C Thomas, Publisher, 301-327 .. Lawrence Ave., Springfield, Ill, 1958. 

This textbook combines anatomy, physiology, and clinical neurology as a unit, 
with emphasis on the knowledge gained by the newer methods of electrophysiology. 
It is also unique in presenting a method by means of which the student can con- 
struct his own anatomical three-dimensional replica of the brain, the basic kit for 
which can be obtained from the Clay-Adams Company, Inc., 141 FE. 25th St., New 
York 10; a supplementary kit can be obtained from the author at 140 FE. 54th St., 
New York 22. 

The book cannot be used as a text of neurology, since the material is presented 
entirely from the point of view of anatomy. [or residency training the reconstruc- 
tion of the visual pathways and oculogyric pathways might be of real value and 
could be undertaken with this book as a guide. 


Advances in Ophthalmology, Vol. VIII. Eighth edition. Edited by E. B. 
Streiff. Price, $16.80. Pp. 363, with 7 illustrations. S. Karger AG., Arnold 
Bocklinstrasse 25, Basel (available from Albert J. Phiebig, Box 352, White 
Plains, N. Y.), 1958. 

The eighth edition of this review of current literature includes articles on dia- 
betic vascular lesions, by Norman Ashton; the genesis of myopia, by FE. Kraupa, 
and the biochemistry of lysozymes and its clinical significance in ophthalmology, 
by H. Schumacher, and a review of the literature on uveitis, by J. Francois and 
I. DeVos. The only paper in English is by Ashton. 

This is an excellent review of all that is known about diabetic vascular lesions. 
Except for the article on uveitis the elite feature of the other manuscripts is the 
presentation of the material with emphasis on the subject rather than the author. 
When one wishes to review a subject he is usually not primarily concerned with 
the author in the text. 

Most of the articles which appear in Advances in Ophthalmology are sim‘lar 
to those found in physiological reviews and are excellent for bringing one up to 
date in any one field of interest. 


The Author Publisher Printer Complex. Third [dition. By Robert S. Gill. 
Price, $2.25. Pp. 134. The Williams & Wilkins Company, Mount Royal and 
Guilford Aves., Baltimore 2, 1958. 

This book is designed to tell the author of scientific papers what he needs to 
know before he starts his manuscript: how to prepare the manuscript in the right 
way instead of the wrong way, how to read proof, and, finally, how to make new 
additions in the case of books. 

The fact that this little volume has gone through three editions testifies to its 
usefulness. There are good chapters on the preparation of illustrations, particularly 
the preparation of graphs. There are also useful chapters on subjects not generally 
discussed, such as royalties. The book will be very useful for anyone contemplating 
the preparation of a manuscript or a book. 


Ocular Allergy. By Frederick H. Theodore and Abraham Schlossman (with 
chapters by W illiam B. Sherman and Robert S. Coles). Price, $12. Pp. 420. 
The Williams & Wilkins Company, Mount Royal and Guilford Aves., Balti 
more 2, 1958. 


This book is timely, since the relative proportion of alle ‘rgic conditions seen by 
the ophthalmologist increases rapidly as the infectious lesions disappear. The auth 
ors have been identified with ocular allergies through their writings over a number 
of years and can speak with authority from their personal experiences. The chapter 
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on the basic principles of allergy, by William B. Sherman, Associate Clinical Pro- 
fessor of Medicine, Columbia University College of Physicians and Surgeons, 
forms an excellent review for the ophthalmologist. 

The rest of the book is divided into an anatomical classification, listing the 
various forms of allergy encountered in the lids, conjunctiva, cornea, sclera, uvea, 
lens, retina, and optic nerve. The authors lay great emphasis on differential diag- 
nosis and point out that this is most important, since treatment is very different in 
allergic and nonallergic diseases. They advise that corticosteroids and antibiotics 
be isolated and not compounded in prescriptions or proprietary preparations as is 
now the habit, and it is to be hoped that drug manufacturers will make note of 
this. Many patients have undoubtedly suffered serious damage by the development 
of allergy to neomycin incorporated in corticosteroid ointments and sold under a 
trade name. Usually the neomycin appears in very fine print on the label. 

This book should have a very wide distribution to both ophthalmologists and 
allergists and is the most authoritative presentation of the subject at present 
available. It is a distinct contribution to our literature. 


Systemic Ophthalmology. Second Edition. By Arnold Sorsby. Price, $25. 
Pp. 682, with 277 illustrations, The C. V. Mosby Company, 3207 Washington 
Blvd., St. Louis 3, 1958. 

Soon after the first edition of this book was published its reputation as an out- 
standing authoritative work on medical ophthalmology was built from the laudatory 
reviews which appeared in our journals. While some chapters were not as good 
as others, which is invariably the case in texts of multiple authorship, the general 
level was high, and in those subjects which were given adequate documentation one 
could always count on an excellent treatment of the subject. 

In this new edition some of those subjects which had not received adequate 
coverage before are now brought up to date. While much that is new has been 
added, the book has been tailored to keep it down to its original size. The only 
objection which can be raised is to the relegation of a selected bibliography to the 
back of the book where it is difficult to locate. : 


The Psychology of Medical Practice. By Mare H. Hollender. Price, $6.50. 
Pp. 276. W. B. Saunders Company, 218 W. Washington Sq., Philadelphia 
5, 1958. 

There are several chapters in this book which are of interest to ophthalmologists 
in that they pertain to the general practice of medicine in all fields. These have to 
do with the doctor-patient relationship. Since many of our problems are now 
chronic ones, such as senile macular degeneration, too much emphasis cannot be 
laid on just how the physician should handle patients over a long period of time 
with decreasing sight. Frequently, adjusting the patient to his condition is the chief 
function of the physician, and any ophthalmologist who fails in attempting to do 
this should not take care of these patients. The major portion of this book concerns 
fields which are not directly related to ophthalmology, although the chapter on 
surgical patients will be of benefit. 


Therapeutic Heat. Edited by Sidney Licht, M.D. Price, $12. Pp. 466. Eliza- 
beth Licht, 360 Fountain St., New Haven, Conn., 1958. 

Of interest to ophthalmologists in this book on the therapeutic use of heat is 
the chapter by Louis Daily and Ray K. Daily on “Heat in Diseases of the Eye.” 
There is no question that heat is a valuable therapeutic agent in inflammatory con- 
ditions of the uveal tract and in recent years has been forgotten in the zeal for 
antibiotic and corticosteroid therapy. As the authors point out, few references to 
the application of heat medically for ocular disease can be found in recent medical 
literature. 

In addition to the local heating of tissues by dry and moist hot packs, the 
authors discuss diathermy, microwaves, infrared radiation, and the elevation of the 
eye temperature by febrile reactions induced by artificial-fever therapy. 

This is a useful and valuable summary of a therapeutic agent which should be 
more frequently used. 
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Ophthalmic Fitting and Adjusting. By Frank Kozol, O.D. Price, $6.50. 
Chilton Company, 56th and Chestnut Sts., Philadelphia 39, 1958. 

This is a clear and concise description of the fitting of spectacle frames. The 
line drawings showing the position of the frame and the instruments for changing 
the curvature of its various parts are well executed and should be valuable to oph- 
thalmologists who dispense their own glasses. 

The book does not encroach on any of the fields of ophthalmology. 


So You Have Glaucoma. By Everett Viers. Price, $2.75. Pp. 64, with 9 illus- 
trations. Grune & Stratton, Inc., 381 4th Ave., New York 16, 1958. 

Every patient, wher told he has glaucoma, has a multitude of questions to ask, 
either immediately or at least on the next visit after he has talked the situation over 
with his family. This book should be a help to the ophthalmologist in preparing 
the patient to ask questions which are more intelligent. Most books of this char- 
acter do well until they come to treatment. This seems to be an exception, and 
even this portion of the book has been fairly presented, so that the average patient 
can hardly misinterpret whatever advice is given to him, 

Stereoscopic Atlas of Human Anatomy: Section IV. The Thorax. I}y David 
L. Bassett. Price, not given. Sawyer’s, Inc., Box 490, Portland 7, Oregon, 
1958. 

Another section of this beautiful series of stereoscopic pictures taken from the 
sections by Dr. Bassett, with the color photography by William Gruber, covers 
the thorax. 

While this does not have an immediate appeal to the ophthalmologist, it should 
be in every library where anatomical data may be sought for. This maintains the 
same standard of excellence of the previous volumes. 


Le Eteroforie. I}y Carlo Toselli. Price, Lire 6000. Ip. 287, with 28 illustra- 
tions. Casa [ditrice Libraria, Rosenberg and Sellier, Via Andrea Doria, 14, 
Turin, Italy, 1957. 

The student of ocular motility will welcome this complete review of the hetero- 
phorias, based upon a bibliographic point of view. The author presents a full and 
well-documented survey of the physiology of ocular motility and a complete clear 
picture of the various forms of heterophoria, with special attention to the hyper- 
phorias and the less common types (insufficiency of divergence, anisophoria, ete. ). 
The work ends with a brief chapter dealing with prisms and the prismatic action of 
decentration of lenses. 

This monograph offers a generous panorama of the world literature on hetero 
phoria, extending to the end of 1956. 


Instruction Book for the Ophthalmologist’s Office Assistant. [}y Carl Vell- 
hagen. Price, DM 29.20. Pp. 207, with 108 illustrations. VERB Georg Thieme, 
Hainstr, 17/19 Aufg. C, Leipzig C. 1, 1958. 

This compact little book in German is intended for the nonmedical assistant in 
the ophthalmologist’s office or hospital. It outlines the anatomy and physiology of 
the eye in a brief but lucid fashion. Considerable space is given to functional 
testing, including orthoptics and field-taking. There is even a short section on 
photography of the eyegrounds and the anterior segment of the eye. It should be 
a useful little book for those office assistants who read German fluently. 


Eye Surgery. Third edition. By H. B. Stallard. Price, $18. Pp. 899, with 671 
illustrations. The Willams & Wilkins Company, Mt. Royal and Guilford 
Aves., Baltimore 2, 1958. : 

The third edition of this very popular book keeps to its original purpose of 
describing operations which the author personally uses. The unique feature of the 
text is the original drawings by the author. These need no apology such as he has 
suggested by the preface. By virtue of the fact that he knows just what he wishes 
to show the reader, the author can, if he has reasonable artistic skill, make a better 
illustration than most professional artists, and Stallard’s drawings are excellent 
from both this and the artistic point of view. 
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The Eye. By E. Howard Bedrossian. Price, $11. Pp. 340, including index, 
with 52 illustrations. Charles C Thomas, Publisher, 301-327 E. Lawrence Ave., 
Springfield, Ill., 1958. 

This is a condensation of useful information from textbooks, periodicals, and 
the author’s own lecture notes covering the field of ophthalmology. For those who 
desire information condensed in one-two-three order this book will have immediate 
appeal. It should be useful to those who are reviewing for examinations, partic- 
ularly the basic science chapters—those on anatomy, physiology, and optics being 
particularly well done. 

To abstract the diseases of the eye into one-two-three order is not very useful, 
and is boring to read. Further, the lack of any illustrations of disease conditions 
is a serious fault. The only colored illustration in the book is Reese’s plate of the 
various stages of retrolental fibroplasia, which at this date could be well dispensed 
with. 


Pathologie des Auges. Second edition. M. Radnot. Price, not given. Pp. 239, 
including index, with 285 illustrations. Hungarian Academy of Sciences, Buda- 
pest, 1958. 

The second edition of this book on pathology testifies to its excellent reception 
by the German-reading ophthalmological world. The text is divided into an ana- 
tomical arrangement of material and considers the histological pathology of the eye 
and its adnexa. The illustrations are excellent, and the German is fairly easy read- 
ing. There are some particularly good correlations between ophthalmoscopic ob- 


servations and histopathology, particularly in the case of cystic degeneration of 
the retina. 
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NEW YORK UNIVERSITY 
POST-GRADUATE MEDICAL SCHOOL 
offers 

SURGERY OF THE EYE (FOR 

SPECIALISTS) 
A full-time course, March 30 through April 4, 
1959. Lectures on cataract surgery, glaucoma 
surgery, ocular muscle surgery, ptosis surgery, 
surgical treatment of retinal detachment, corneal 
transplantation, and plastic surgery of the eye. 

Under the direction of Dr. Rudolf Aebli. 


Maximum class 
OPHTHALMOSCOPY 
A part-time course, 9 a.m. to 12 m., May 4 through 
8, 1959. A study of the normal fundus, congenital 
anomalies, diseases of the vitreous, retina, choroid, 
optic nerve head, and traumatic fundus changes. 
Under the direction of Dr. George N. Wise. 


HISTOPATHOLOGY 


A part-time course, | to 4 p.m., May 4 through 
8, 1959. Lectures, demonstrations, and micro- 
| 


scopic study of exemplary material covering: in- 
traocular inflammation, pyogenic, granulomatous, 
and nongranulomatous, glaucoma and hypotension, 


. | trauma, intraocular tumors, fibroblastic states, and 
Dual Purpose Major vascular-metabolic states. 
Amblyoscope Potente Pending Under the direction of Dr. A. Marvin Gillman. 


For further information: 


This improved design incorporates outstanding new 
= features adapted to a new technique in Orthoptic Office of the Associate Dean 
: diagnosis instituted by: New York University Post-Graduate 
Dr. A. Stanworth Medical School 
Senior Lecturer in Ophthalmology 550 First Avenue * New York 16, N. Y. 


Manchester University 
While conforming to details of the Standard in- 
strument for routine treatment, it permits of 
interchange of optical components which enable 
the patient to view directly a suitable surface at a 
distance of 10 to 20 feet. 
The viewing conditions are therefore very close to 
those of normal, everyday life. 
By means of transparent reflecting surfaces, slides 
of special design are seen by the patient projected 
on to the distant surface. 


The readings so taken make possible a_ precise 
assessment of the angle of squint and the use | 
being made of the patient’s binocular vision under 


normal conditions. M A G N O C U L A R 


The instrument is of practical value in the detec- 


tion of abnormal retinal correspondence, in small | ... A Perfect Magnifying Spectacle 
angle squints, and in patients in whom the cover F h tel ic | f - ti d 
cent didicule to interpret. rench telescopic loupe for precise operation an 


examination while both hands are free . . . minimum 
The measurement of peripheral fusion (in small of aberration . . . large objective lenses afford large 


angle squints) and of fixation disparity in normal | flat field of view . . . magazine page can be viewed 
viewing conditions is brought within the range of | in magnified form at one glance. 


normal clinical The surgeon's loupe, which achieved so much suc- 
Available for immediate installation at $660.00, in- cess at the last Academy Meeting, affords 3x mag- 
cluding Bielschowsky After-Image slides. | nification at a focal distance of 16 inches for eyes 


CURRY & PAXTON INC. | needing no correction. 


Standard models afford 2x and 3x magnification at 
866 Willis Avenue, Albertson, L, I., N. Y. 


| 8 inches for eyes needing no correction. 
“Helping the World to Better Vision” | Wearer's own correction can be incorporated easily 


in all models. No special trial sets necessary. 


ARMCO MERCANTILE COMPANY 
201 N. WELLS STREET © CHICAGO 1, ILL. 


St. Louis: Ostertag Optical Service, Inc. 


Distributors: Folds and can be carried in ordinary spectacle case. 
Chicago: The House of Vision, Ine. SURGEON’S LOUPE $47.50 
Washington: Edmonds, Ine. STANDARD MODEL 31.50 
San Francisco: Jenkel-Davidson Optical Co. STANDARD MODEL (2x) ......... 27.50 
San Francisco: Parsons Optical Laboratories, Inc. 
Los Angeles: Superior Optical Supply Co. Brochure available on request 
Pittsburgh: Doig Optical Co. 


196/ 


© | 
poe 
2 
| 
| 
— | 
| 
—_ 
| 
| 
| 
a 
is 


| provide protection for 


athlete-patients 


with the ALL-NEW 


ATHLETIC GLASSES 


Streamlined ends 
to protect 
other players 


Expandable, adjustable 
“Glass Gard” headband 


“Cushion Fit” 
shock absorbent 
rubber nose piece 


@ Att AMERICAN ATHLETIC GLASSES are a wise 


e 
investment in eye safety for athletes. These SIZES 
all-new glasses have been designed by BENSON 44-20 47-20 
to provide the finest in protection without interfering 44-23. 47-23 
with performance . . . assuring complete player Temples available from 
confidence! Note the specific design features above — 6” through 7” cable. 


and you'll agree that your athlete-patients who wear 
glasses deserve this kind of all-around protection. 


Advertisements reaching thousands of athletic 
coaches and athletes around the country will advise 
“Order through your doctor.’ Be ready — examine a 
complete sample at nominal cost. Write today ... 


BENSON OPTICAL COMPANY 
Executive Offices * Medical Arts Building, Minneapolis 
specialists in prescription optics since 1913 


COMPLETE LABORATORIES CONVENIENTLY LOCATED IN UPPER MIDWEST CITIES 


| 
~ i 
- 
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DYNAMIC IN BOTH BASIC 


® 


Acetazolamide Lederie 


SINGLE 
DRUG CONTROL 
OF SIMPLE 


EDEMA 


DIAMOX mobilizes excess tissue fluids through simple but 
dynamic bicarbonate-transport regulation. Inhibiting the enzymatic 
action of carbonic anhydrase, DIAMOX blocks renal reabsorption 
of bicarbonate, sodium and water and reroutes them into 

excretory channels. 


In most simple edema, one DIAMOX daily produces ample 
diuresis ... nontoxic and nonirritating to renal or gastric 

areas ; no notable changes in blood pressure or electrolyte balance. 
Because DIAMOxX is rapidly excreted, dosage is easily adjusted 
and does not interfere with sleep. 


cardiac edema - premenstrual tension - edema of pregnancy - obesity 


‘ 
| | 
: 


DIURETIC REGIMENS 


the HCO; regulating diuretic 


DOUBLE 
DRUG CONTROL 
OF INTENSIVE 


DIURESIS 


Alternating DIAMOX with chloride-transport regulating diuretics achieves 
more dynamic diuresis than with either alone. By counterbalancing the 
tendency of these agents to produce systemic alkalosis, 

DIAMOX helps potentiate the diuretic effect, lessen risk of acquired 
tolerance and prolong intensive diuresis. 


advanced congestive heart failure - refractory toxemia of pregnancy 


ALSO EXCEPTIONALLY VALUABLE IN GLAUCOMA AND EPILEPSY 


Although mode of action has not been exactly defined in either instance, 
clinical experience has repeatedly proved DIAMOX a well tolerated, 
efficient means of reducing intraocular pressure in glaucoma and 


controlling seizures in both young and adult epileptics, often after all 
other therapies had failed. 


LEDERLE LABORATORIES, a Division of AMERICAN CYANAMID COMPANY, Pearl River, New York 


. 
+ 


DVORINE 


PSEUDO: 
HISOCHROMATIC 
PLATES" 


OFFER THESE 
EXCELLENT 
FEATURES 


© Distinguishes the color-blind from the color-ignorant 

© Classifies the color-blind according to type and 
severity of defect 

© Special arrangement prevents malingering. 
Complete directions with each set 


| 
| WRITE FOR FREE LITERATURE 
STAINLESS STEEL CABINETS | 


FOR THE OPHTHALMOLOGIST 


Dvorine Pscudo-lsochromatic Plates meet the 
requirements of the Military Services. 


| *The Dvorine Color Vision Test is acceptable to the 


| 
; i Administrator of Civil Aeronautics as a test of 
Formica covered working surface. Other models | 


| 
| 


available. Price of set $15.00 
Less 5%, if check accompanies order 
P & S MEDICAL EQUIPMENT SCIENTIFIC PUBLISHING CO. 
14525 Arminta, Van Nuys, California Dept. A—2328 Eutaw Place 
ST 0-0447 Baltimore 17, Maryland 


the new and expanded quarters 


for greater efficiency... 


0), LABORATORIES, INC. 
contact lenses 


New York Office Sarasota, Florida Office 
75 East 55th Street P.O. Box 791 
New York 22, N. Y. Sarasota, Florida 
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Many Cases of 
Subnormal Vision 


respond to “3D3” 


in 3 dimensions with 


focal distance of 12 inches 


Substantial improvement in cases of low visual acuity is reported 
by Ophthalmologists with this revolutionary “3D3” Opricaiw 
Spectacle loop. 

Each “3D3” Opricaip loop is light in weight, perfectly bal- 
anced. Its lenses give high luminosity in a wide field of view. 
Permits adjustment of the pupilary distance from 58mm_ to 
70mm. Provision is made for prescription glasses when neces- 
sary. “3D3” Opricaip opens a whole new area of service, 
enabling you to offer substantial aid to many cases of retarded 
vision. Write for full details. Retail Price $50. 


| Edroy 
Products Co. 


Dept. E, 480 Lexington Avenue 
New York 17, N. Y. 


For the OPHTHALMOLOGIST and his associates in GENERAL PRACTICE. 
The two instruments complimenting the SCHIOTZ TONOMETER. 


BERENS-TOLMAN OCULAR HYPERTENSION INDICATOR TOLMAN TONOMETER MICROMETER 
An ideal instrument for checking the readings of the 


Ocular Hypertension Indicator and the mechanical ac- 
curacy of the Schiotz Tonometer. 


This instrument is a direct reading 
tonometer that needs no adjust- 
ments or charts. 


It is set to 25 mm. Hg. and shows 
instantly upon being applied to 


The top of the instrument is 
the cornea if the tension is above 


an exact 16 mm. radius test 
or below that point. block and the dial is gradu- 
All metal parts are stainless steel ated 0 to 20 same as the 
and are made exactly to the | Schiotz Tonometer. 

standards of the Schiotz Tonom- 
eter. 


2 


Complete descriptive booklet is furnished with each Made to the same exact standards as the Ocular Hyper- 
instrument. tension Indicator. 


Price $18.50 Price $25.00 


Available at all Optical and Surgical Suppliers 
Manufactured By 
225 Cadwalader Ave. R. O. GULDEN Philadelphia 17, Penna. 


Schiotz Tonometer Standardization—Repair—Maintenance Service 
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Magnifies equal to 3 times 
7, 
25 


~NEW | 


Anatomical 


| 
ING PARIS 


@. 
MOST USEFUL 


e In Explaining Diagnosis to Patient 
e Lectures e Demonstrations 
Student Reference 


Study 
e Nurses Training 


Natural Size and Color Depicts: 


Conjunctiva 

Cornea 

Sclera 

Superior Rectus Muscle 
Inferior Rectus Muscle 

Internal Rectus Muscle 

External Rectus Muscle 
Vortex Veins 


Iris 

Pupil 

Suspensory Ligament of 
the Ciliary Processes 

Crystalline Lens and Extra 
Lens Simulating Cataract 

Ora Serrata 

Vitreous Humor 


Choroid Retina 

Superior Oblique Muscle Papilla 

Inferior Oblique Muscle Arteries and Veins 
Optic Nerve Macula 

Anterior Chamber Ciliary Body 

Uveal Tract Ciliary Nerves 


Write for Descriptive Folder or Order on Our 


Money Back Guarantee ..... only $25.00 | 


| 


| 
| 


We offer a complete artificial 
eye service too—ask for folder. 


Mager and Gougelman tne. 


Serving the Profession Since 1851 


E. 56th’ St. 
New York 22, N. Y. 


30 N. Michigan Ave. 
Chicago 2, Illinois 


CLEVELAND DETROIT HOUSTON (Soper Bros.) 
KANSAS CITY MINNEAPOLIS ST. LOUIS 
BOSTON PHILADELPHIA PITTSBURGH WASHINGTON 
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Most modern offices and factories are 
equipped with the best in scientific light- 
ing facilities—but, they reflect on sur- 
faces of glasses. These “GHOST” reflec- 
tions are annoying and contribute to 
fatigue. MAY-O-LITE coated lenses can 
help eliminate these annoyances. 


Complete Your Professional Service By Adding 


The Best in Sight 


MAY-0-LITE 


Low Reflection Coating 


MAY RESEARCH, INC., Box 1181, Minneapolis 1, Minn. 


URGENT REQUEST 
The Uveitis Laboratory, University of California 
School of Medicine, San Francisco, is interested to 
obtain freshly enucleated eyes from patients with 
all types of uveitis and other endogenous inflamma- 


tions. Attempts are being made to isolate etiologic 
agents from these eyes. 


The eyes should not be fixed in preservatives or 
frozen, but placed in a sterile bottle, packaged, and 
shipped as quickly as possible. Please send speci- 
mens air express, special delivery, collect. Enclose 
history and findings and mark the package “Fresh 
Tissue Specimen—Rush.” 


A report of isolations of organisms and pathologic 
findings, including a slide, will be sent to the con- 
tributor. Credit will be given in any resulting pub- 
lications if desired. 


Telegraph collect if specimen being sent. 
Send eyes to 
Samuel Kimura, M.D., Michael J. Hogan, M.D., or 
Phillips Thygeson, M.D. 
University of California School of Medicine 


San Francisco 22 


MODEL EVES Say Gary Ghost 


Top-Grade Technical Performance 


. @ Safeguard for Your Professional Skills and 
Judgment. 


Your prescriptions, conceived from your rich fund 
QU ALITY SERVICE Za scientific knowledge laboriously developed 
through years of study, training and experience, 
Technical skills and i are at the mercy of the dispensers who inter- 
pret them. They will be safe in the hands of 
Dow seasoned craftsmen, whose devotion to the 
exacting standards which your professional rep- 
utation demands, and which our firm has 
consistently maintained throughout its 31 years 
of existence, is a guarantee of complete patient 
satisfaction. 


DOW OPTICAL CO. 


W. E. DOW, Pres. 
Chicago, Ill. Bloomington, Ill. 


The First—and the Only — 
COMPLETE TONOGRAPHY UNIT! 


Developed and Built by 
V. Mueller & Co. 


The complete Tonographer—Mueller Electronic 
Tonometer and Recording Device combined in 
a single portable unit—was an instant success 
at the Fall AAOO Meeting. The Tonometer, 
much improved, more rugged, less subject to 
outside interference, and easier to read—with 
its specially adapted, large graph recording 
unit—bring a long needed, major contribution 
to modern tonographic research. 

OP-9050 Mueller Electronic Tonographer TR. 
For 110 volts, 60 cycles, AC. Complete, $895.00 
Also available: 

_ OP-9040 Mueller Electronic Tonometer, only. 
Mueller Complete Electronic Tonographer TR All new, improved Model MC. Each, $350.00 


OP-9060 Mueller Recording Unit EA, only. 
Combined Tonometer and Recording Equipment Adaptable to any Electronic Tonometer. 


Each, $475.00 


Write For Illustrated Descriptive Folder Today 


UWUELLER CO. 


330 South Honore Street 
Chicago 12, Illinois 


DALLAS * HOUSTON ¢ LOS ANGELES ¢ ROCHESTER, MINN. 
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SPECIALTY 


PUBLISHED MONTHLY 
BY THE AMERICAN MEDICAL ASSOCIATION 


each journal offers 

the latest medical findings by 
outstanding authorities in 

its special field... 

of value not only 

to the specialist but 


to the general practitioner a3 well 


to order your subscription to one of the A.M.A.’s 
specialty journals use the form below 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn ¢ Chicago 10 


Please enter my subscription to the specialty journal checked at right. 


Start my subseription with the next Issue. 


Remittance for one year two years is enclosed. 


NAME 


ADDRESS. 


CITY. 


ZONE. 


STATE. 
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JOURNALS 


USA 


S.A. & 
Possessions Canada 
APO's 


(0 A.M.A. Arch. Neurology and 
Poychlatvy $14.00 
(1 A.M.A, Arch. Dermatology.... 12.00 
(1 A.M.A. Arch. Industrial Health. 10.00 
(1) A.M.A, Arch. Internal Medicine 10.00 
A.M.A, Diseases of Children 12.00 
A.M.A. Arch. Surgery ....... 14.00 
AM.A. Arch. Pathology ...... 10.00 
Arch. Ophthalmology. . 12.00 


DAMA. 


Arch. Otolaryngology.. 14.00 


$14.50 
12.50 
10.50 
10.50 
12.50 
14.50 
10.50 
12.50 
14.50 


Outside 
U.S.A. & 
Possessions 


$15.50 
13.50 
11.50 
11.50 
13.50 
15.50 
11.50 
13.50 
15.50 
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For a quick, easy and acurate VISUAL FIELD testing 


16s 


@ BOWL made of transparent plastic. White screen painted 


on the inside ; meridians and parallels engraved on the outside. 
Illumination uniform and ajustable. 


A Ever-clear TEST OBJECT projected from the outside, the 
position of which is easy to mark. 


@ During the testing, the limits of the visual field are designed 
straight on the bowl. After examination, they are recorded on 
special tracing paper CHARTS. Scotomas can be recorded apart, 
directly traced on the bowl, with the accuracy of a CAMPIMETER. 


House of Vision ™ 


| Tira 137 NORTH WABASH «© CHICAGO 2, ILLINOIS 
FRANCE 
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OF DOCTEUR ETIENNE 


STERIL ERM 


STERILE (PACK: “MINIMS 


Absolute sterility of all surfaces of the 
Minims unit is assured by the pliofilm over- 
wrap. 


contain the quantity 
for usual administr : 


drug. 


STERILE 
OPHTHALMIC DROPS 
IN 
DISPOSABLE UNITS 


Each unit contains the number of 
drops commonly used per applica- 
tion. 


Ophthalmic drugs available 


in the Minims package: 
ATROPINE SULFATE 1% 
ATROPINE SULFATE 2% 
ESERINE SALICYLATE 0.5% 
ESERINE SALICYLATE 0.25% 
PILOCARPINE HCI 1% 
PILOCARPINE HCI 2% 
FLUORESCEIN SODIUM 2% 
HOMATROPINE HBr 2% 
HOMATROPINE HBr 5% 
PHENYLEPHRINE HCI! 2.5% 
PHENYLEPHRINE HCI 10% 
SCOPOLAMINE HBr 0.2% 
TETRACAINE HCI 0.5% 


Minims solutions remain stable 
for an indefinite period. 


For further information or litera- 
ture write or phone: 


MINIMS...0 particularly valuable 
administration unit for... 


SURGERY 895 KIFER RC 
SUNNYVAL LIF. 

OPHTHALMOLOGICAL OFFICES REgent 6- 

HOSPITAL WARDS 

INDUSTRIAL MEDICINE 

EMERGENCY ROOMS 


PATIENT USE 
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QUARTERLY CUMULATIVE 
INDEX MEDICUS 


YOUR GUIDE TO MEDICAL LITERATURE 


Divided into sections, one devoted to books and the other 
to periodical literature, the QUARTERLY CUMULATIVE 
INDEX MEDICUS contains a list of current publications 
alphabetized as to authors and subjects. The exact 
bibliographic reference is given under the author with 
titles in the original language, while titles under subjects 
are all in English. The index also includes a listing of 


journals, addresses and publishers. 


LISTED BY AUTHORS AND SUBJECTS 


The QUARTERLY CUMULATIVE INDEX MEDICUS 
appears twice a year; volumes are cloth bound and cover 
periodicals for six months as indicated on the publication, 
These two volumes will be a convenient and inclusive 
reference for current medical literature. Invaluable for 
practitioners, specialists, teachers, editors, writers, in- 


vestigators, students and libraries. 


SUBSCRIPTION PRICE $25.00 PER YEAR 
CANADIAN AND FOREIGN $27.00 PER YEAR 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 
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Vertex 
= Refractionometer 


MADE IN WEST GERMANY 


A small, sturdy, well-balanced instrument ideally suited 
for the ophthalmologist’s office and optician’s shop. 
Can be easily operated by nurses, secretaries, or optical 


Cc A R L craftsmen. 


® Convenient and exact readings at a glance. 


@ Even small cylinders can be easily detected and ac- 
curately measured. 


© Target image as well as refraction scale seen in the 
same field of view. 


Built-in illumination. Fully dustproof. 


Write for detailed literature and specifications 


CARL ZEISS, ING, 


485 FIFTH AVENUE, NEW YORK 17, N.Y. 


208/ 


An unsightly eye can be a 

great drawback to an individual 

at any stage of life. 

Other than the lack of vision 

or very poor acuity often associated with 

such a problem, these individuals are often 
socially handicapped and usually overlooked for 
positions for which they may have excellent 
qualifications. Employers must take into account 
their physical characteristics as well as 

mental capabilities. Unsightly 


One of the adjuncts of contact lens work is eyes.--- 
the fitting of the cosmetic contact lens. Contact lenses 

may be used to cover disfigured corneas and scleras; 

they are valuable in covering an eye with a tropia where 

the eye is sightless. The cosmetic contact lens can be 

used to fill in the eye socket in an enophthalmic eye— 

and a narrow palpebral fissure can be opened. 

More and more uses are being found 

for the cosmetic contact lens. 


the Plastic 
Contact Lens 
Company 


Dedicated to Knowledge and Research 


59 E. MADISON ST. * CHICAGO 3, ILLINOIS 


| en, IS f 
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When you write your first prescription for 
DECADROW’, consider its remarkable 
6 record prior to its release. 

clinical DECADRON (dexamethasone) ---on a milligram 

basis the most effective of all anti-inflammatory 
* corticosteroids —is a unique product of 

evidence MERCK SHARP & DOHME, pioneer and leader in 
corticosteroid research. 
DECADRON was first synthesized in 1957... . 
in June and August, 1958, impressive clinical 


"medical protession’****.. . with thousands 
of cases still to be published. 


But only now—more than a year since the 
first synthesis— DECADRON is being released 
for general practice. During that year 
DECADRON was undergoing comprehensive 
and rigorous clinical trials by leading 
investigators throughout the United States. 
More than 1,500 patients, with every known 
indication for corticosteroid therapy, were 
treated with DECADRON and observed closely 
for periods up to 12 months. After the 
completion of a thorough objective evaluation 
Today you can prescribe DECADRON with 
confidence, because its outstanding 
Paper the advantages have been substantiated by 


: 
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the crowning 
achievement of 
the first 
corticosteroid 
decade 


DEXAMETHASONE 


to treat more patients more effectively 


Comprehensive and thorough clinical trials show that DECADRON on the milligram basis is the most 
effective of all oral corticosteroids » DECADRON is virtually free of sodium retention, potassium 
depletion, hypertension, or edema # DECADRON is virtually free of diabetogenic effect in therapeutic 
doses » DECADRON has not caused any new or unusual reactions ® DECADRON produces neither 
euphoria nor depression, but restores a natural sense of well-being. 


INDICATIONS: All allergic and inflammatory disorders amenable to corticosteroid therapy. 
CONTRAINDICATIONS: Herpes simplex of the eye is an absolute contraindication to corti- 
costeroid therapy. DECADRON must be administered with caution in tuberculosis, other 
acute or chronic infections, peptic ulcer, osteoporosis, fresh intestinal anastomoses, diverti- 
culitis, thrombophlebitis, pregnancy, and in the presence of psychotic tendencies. DOSAGE 
AND ADMINISTRATION: Transfer of patients from other corticosteroids to DECADRON may 
usually be accomplished on the basis of the following milligram equivalence: 


one 0.75 mg. tablet of Decadron* (dexamethasone) replaces: 


One 4 mg. One 5 m One 20 mg. One 25 mg. 
tablet of tablet tablet of tablet of 
methyiprednisolone prednisolone 
or triamcinolone or racecar | hydrocortisone cortisone 


SUPPLIED: As 0.75 mg. scored pentagon-shaped tablets. Also as 0.5 mg. tablets, to provide maximal individualized 
flexibility of dosage adjustment, since many patients achieve adequate control even on lower dosage. 


Detailed literature is available on request. 
DECADRON is a trademark ci Merck & Co., Inc. 
© 1958 Merck & Co., Inc. 
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HYDRAULIC OR ELECTRIC 4 COMPARTMENTS 
OPHTALMOLOGICAL EXAMINATION BLOCK 


Slit lamp Trial cases Trial frames 
Ophtalmo dynamometers with 
button or dial 
Ophtalmometer 
Ophtalmoscope 

PARENT retinoscopy rack 
TROUSSEAU retinoscopy rack 
LANCASTER red green test 
Prism battery 


Only manufacturers 
of Dr BAILLIART'S 
ophtalmodynamometers. 


114, RUE DU TEMPLE - PARIS (3*) - TEL TURBICO 21-59 


SURGICAL INSTRUMENTS CO., INC. 
GRAND CENTRAL PALACE BUILDING ° 125 EAST 46TH ST., N. Y. 17, N. Y. 


Successors to the E. B. Meyrowitz Surgical Instruments Co., Inc. 


GRIFFITH-ROGERS TRIAL FRAME 


This trial frame is a simple but sturdy and easily adjustable frame that is designed for rapid rou- 
tine examinations over a long period of time. It will stand hard usage. Interpupillary distance is 
adjustable by means of a rack and pinion and the bridge height is adjusted by the same knob. 
Bridge may be locked. Temples are of spring steel to support the frames in position, Protractor is 
black with white letters and there are two front and one rear pairs of slots for the trial lenses. 


In stainless steel ...... Price $29.50 


Se 
| | 
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Put American Beauty In Your Office 


Does your office truly reflect the high pro- 
fessional standards of your practice? 

Stop for just a moment and take a careful 
look around. If it’s time for a change, you should 
be certain to see American Optical’s professional 
ophthalmic equipment with its exclusive 
“American Beauty” styling. Its contemporary 
lines and soft rich colors, Ivory Tan, Jade Green, 


and a lovely shade of Coral, combine with tra- 
ditional AO precision and quality to offer you 
unsurpassed value. 

See American Beauty Chairs and Units in 
full color. Ask your sales representative for 
brochure OX1257 or write American Optical 
Company, Instrument Division, Buffalol5, 
New York. 


hull 


for local relief 
of glaucoma 
and strabismus 


ISOFLUROPHATE 


+ highly potent 


—may be effective when other agents fail 
long-acting 


—in glaucoma, one instillation a day is often sufficient 
—in strabismus, one instillation every two days to one week 


to relieve to enhance 


intraocular pressure in glaucoma | peripheral accommodation in strabismus 


aphakic nonparalytic, concomitant, 
chronic noncongestive convergent (esotropia) 

congenital and infantile 

| secondary, except in presence o1 

active uveal inflammation 

preoperative control of intraocular pressure 

antidote against atropine 


especially: 
in the very young 


when behavior problems preclude glasses 
to ease the transition from glasses 
as a temporary substitute for glasses 


‘Floropryl’ is a valuable adjunct to oral ‘Daranide’ 
for treatment of certain types of glaucoma 


Dosage: Either the 0.1 per cent solution or the 0.025 per cent ointment may be 

used in glaucoma, depending on the strength needed, but only the 0.025 per cent 
int is rec ded for strabi See package circular or brochure 

available to physicians on request for detailed information about administration, 

dosage and precautions. 

Supplied: for ophthalmic use only — 0.1 per cent solution in peanut oil, in 5 ce. 

vials. 0.025 per cent ointment, in 3.5 Gm. tubes. 


"FLOROPRYL’ and ‘DARANIDE’ (Dichlorphenamide) are trademarks of Merck & Co., Inc. 


g& MERCK SHARP & DOHME, DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 
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Improved treatment 

of glaucoma : 
with a new, highly potent — 
carbonic anhydrase | 
inhibitor 


DARANIDE 


DICHLORPHENAMIDE 


Tablets 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 


¢ inhibits aqueous humor 
formation—lowers 
intraocular pressure 


- reduces danger of 
metabolic acidosis 


- continued effectiveness, 
even with long-term use 


- may be effective when other 
therapy, including 
miotics, has failed or has not 
been tolerated 


smooth control— 
few side effects 
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DARANIDE 


DICHLORPHENAMIDE 


lOW dose ettectiveness 
ee 


highly potent 


reduces pressure 


in low dosage 


HOURLY CHANGE IN INTRAOCULAR PRESSURE IN GLAUCOMATOUS EYES* 
(9:00 A.M. TO NOON) 
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__ __DARANIDE 190 MC. 
mi | after 1 hour 
16 15 
> 10 > 10 F 
3 5 3 5 i 
= = 
= = 
6 5 +5 +10 +15 +6 +10 +15 


Change in pressure (mm. Hg) 


| after 2 hours | 


~15 


Change in pressure (mm. Hg) 


20 
16 4 16 
1 
= 2 
15 86-5 +65 +10 +15 
Change in pressure (mm. Hg) Change in pressure (mm. Hg) 
20 
18 
I 
= ha 2 


—10 +5 +10 +15 


Change in pressure (mm. Hg) 


*Gonzales-Jiminez, E., and Leopold, 1. H.: The Effect of Dichlorphenamide (A Carbonic Anhydrase 
Inhibitor) on the Intraocular Pressure of Humans, A.M.A. Arch. Ophth. 60:427, Sept. 1958. 


inhibits aqueous humor formation 


: EFFECT OF ‘DARANIDE’ ON AQUEOUS HUMOR DYNAMICS* 
Intraocular pressure} Facility of outflow Aqueous flow Aqueous flow 

mm. Hg mm. /min./mm. Hg mm/min, inhibition (%)t 

: Before | After | Before | After | Before | After 

) 16.8 13.4 0.17 0.17 0.94 0.68 39.5% 

Glaucomatous 

el (20 eyes) 30.0 21.9 0.09 0.09 1.36 0.85 39.0% 


Aqueous flow after treatment — Aqueous flow before treatment 

t x 100 
Aqueous flow before treatment 

* Gonzales-Jiminez, E., and Leopold, 1. H.: The Effect of Dichlorphenamide 


(A Carbonic Anhydrase Inhibitor) on the Intraocular Pressure of Humans, 
A.M.A. Arch. Ophth. 60:427, Sept. 1958. 


DARANIDE 


DICHLORPHENAMIDE 


Indications 


» Chronic simple (wide angle) glaucoma 

+ Acute congestive (narrow angle) glaucoma 

Chronic congestive glaucoma 

+ Secondary glaucoma (acute phase) 

+ Preoperative control of intraocular tension of glaucoma 


Dosage 


The usual adult dosage range is from 25 to 50 mg. (4 to 1 tablet) once 
to three or four times daily. Dosage must be carefully adjusted to meet 
the requirements of the individual patient. 


Therapy with ‘Daranide’ is usually most successful when employed in 
conjunction with miotics such as pilocarpine, physostigmine, ‘Floropry!’ 
(isoflurophate), or ‘Carcholin’ (carbachol). In acute congestive glaucoma, 
*‘Daranide’, with miotics, should be administered promptly in an attempt 
to bring about rapid reduction of intraocular tension. If this is not quickly 
relieved, surgery may be mandatory. In chronic congestive glaucoma, 
surgery may be necessary if the intraocular tension is not brought under 
control after an adequate trial period of therapy with ‘Daranide’. 


Precautions 


Since ‘Daranide’ is a carbonic anhydrase inhibitor, certain side effects 
characteristic of this class of compounds will occur, particularly in the 
higher dosage ranges. These effects may include anorexia, nausea, vomit- 
ing, nervousness, lassitude, depression, confusion, disorientation, seda- 
tion, dizziness, ataxia, tremor, tinnitus, paresthesias, and pruritus. For- 
tunately, the therapeutic amount of ‘Daranide’ required for most patients 
is well beneath the level that will produce these effects. When they do 


occur, reduction of dosage or temporary discontinuance of the drug is 
indicated, 


It is essential to keep a close check on the electrolyte balance of the 
patient during therapy with ‘Daranide’, as with patients on any other 
carbonic anhydrase inhibitor. 


Supplied 
*Daranide’ Tablets, 50 mg., bottles of 100 and 1000. 


DARANIDE 


DICHLORPHENAMIDE 
“Q°) MERCK SHARP & DOHME, DIVISION OF MERCK & CO., INC., PHILADELPHIA 1, PA. 


*Daranide’, ‘Floropryl’ and ‘Carcholin’ are trade-marks of Merck & Co., Inc. 
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NEW 
Eye Dressing 
Tray, 


McCoy 


E-7220 
Designed to hold: 


] Each E-7460 Irrigator, 
DeVilbliss, 1% oz. 

6 Each E-7472 Dropper 
Bottles, 1 oz. with 
ground in pipette 
stopper. 

2 Each E-7290 Needle 
Boxes x 21/5” 


Dressing Tray, Eye, McCOY: compact, containing items needed 


for post operative treatment. 


Space is provided to hold 6 tubes each of assorted ophthalmic 
ointments. Ointment not included. There is also space for a 
supply of eye patches. 


Tray only, with fittings, Stainless Steel riveted 


Tray and fittings, complete with all items listed above, 
except ointment and eye patches ..............eeeee: $57.20 


Sterilizing Box, 


lowa 
Model 


E-7225 


STORZ 
4570 AUDUBON AVENUE 


Sterilizing Box, lowa Model: one insert has 8 clips to securely 
hold eye forceps of various sizes. The other insert has a rack for 
scissors, holders for non-sharp instruments, and space for various 


INSTRUMENT COMPANY 
10, MO. 


ST. LOUIS 
New York Showroom: 809 Lexington Ave. 
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IN OCULAR INFECTIONS 


HALWIC SOLUTION 


TO TREAT THE PATIENT...THE PATHOGEN...THE INFLAMMATORY PROCESS i: 


New Predmycin Ophthalmic Solution, containing prednisolone, neomycin and a 
decongestant, provides unsurpassed three-fold therapeutic attack against infectious 
and inflammatory eye disorders: : 
® for the patient: Phenylephrine HCI for rapid improvement of the eye’s appearance 
- 8 for the pathogen: Neomycin gulfate for its wide antibacterial effectiveness against 
most pathogens responsible for ocular infections 
® for the inflammatory process: Prednisolone for its rapid and effective action in | 
checking destructive inflammatory reactions to ocular trauma. 
Predmycin combines prednisolone alcohol 0.2%, neomycin sulfate 0.5%, and phenyl- 
ephrine HCl 0.12%, ina sterile, lubricating solution—for optimal control of infectious, 
inflammatory and allergic conditions of the eyelids, conjunctiva, cornea, sclera, uveal 
tract, and following thermal or chemical burns. m 


DOSAGE: | to 2 drops in the eyes two to four times a day. 


suPPLy: In 5 cc. all-plastic dropper bottles—on prescription only. 


ALLERGAN : CORPORATION Los Angeles 17, California 
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